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LITERATURE REVIEW 

Introduction 

Anions play a very significant role in the retention and plo.nt 

availability of soil and fertilizer inorganic phosphate (P). Evidence 

that different inorgruiic and organic anions cnn modify P retention was 

presented by many workers prior to 1950 ( Kurtz tl.91•, 1946; Dean and 

Rubinst 1947; Swenson ,tl §l.., 1949 ). The exact mechanisms of this 

effect was little understood. In addition, a range of chemical extrnct­

ants have been used to assess the available P status of soils; these in­

cluded citrate, tartrate, fluoride, arsenate, and other anions capable of 

forming stable complexes with Fe and Al in soils. 

It is now well recognised that microorgnnisms and root excretions 

greatly modify the chemical environment in the rhizospherc. Organic com­

pounds found in the root exudates of several plants ( reviewed by Rovira; 

1965 ), and produced by microorganisms, include mnny organic acids lmown 

to form strong complexes with metal ions. Such compounds mD.Y be an im-

portant factor affecting the mobility of Pin soils. 

There is now a reasonable amount of information concerning tho 

reactions of certain anions with soil components. The significance of 

inorg~nic and orgnnic anions in the soil solution, and their effect on P 

sorption and desorption by soil components and soils, however, is not so 

well documented. Recent studies by Deb nnd Datta ( 1967 n , · b ), Hingston 

,tl.Q;!. ( -1970, 1971, 1974 ), N.'lgnrajahet_tl. ( 1968, 1970 ), and :&l.rrow 

( 1974 a, b) have enabled a better understanding of the extent to which 

competing anions influence the uptake and release of P by soil components 

and soils. 

The literature pertaining to the upt~ko and release of P by 

soils, ns influenced by other anions, is reviewed in three secti9.ps : 

I. The mechanism of P sorption by soil components and soils, 

II. The influence of competing inorganic and organic anions 

on the sorption of P by soil components and soils, and 

III. The influence of competing inorganic and organic anions 

on the desorption of sorbed P from soil components and 

soils. 

·' 
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Sorption reactions may conveniently be divided into adsorption 

reactions ( concentrQtion of ions nt solid surfaces ciui -to r emovnl from 

solution) and absorption ( dif fusive p0netrntion of ions into r et aining 

components ). 



I. THE HECHAN+SM OF P SORPTION BY SOIL 

COMPONENTS AND SOILS 

Tho romovnl of P from solution by soil components nnd soils 

ha s been studied by m.my uorkers . It is now widely recognized t m t 

on nddi tion of P fertili zers to soil, the P c onbincd i n the l nr goJ.y 

water-soluble compounds is r .'lpidly r emoved froo the soil solut i on by 

3 

soil components :md held in a. r e l ntive ly unavailable foru a This i m-

mobilisation of P occurs i n soils by two me chanisms, n~mo l y sorption 

and precipita tion. At low P concentra tions ( ,( 10-4M ) in the soil 

solution, however, retention appears to be the r esult of a sorption­

renction ( Colo c t al. , 1953; Bacho , 1964; Muljndi ct al., 1966 ), 

and it is the mccho.nisms of such n r enccion thr>.t will be conside: r ocl L :. 

this section. Information on the me chtmism. of sorption of othe r nnioL::; 

will be included to provide n noro genor nl t heory . 

A. Nc chrmism of P sorption by soil compone nts 
----~ ..... - -.-----·--~-·--

P sorption studies rove boon conducted using a wide :cn:ngo of 
11 pure II soil c omponon t s • 

P sorbcd by soils nre : 

Those cons idered t o i nfluence tho a.mount ol 

shor'i;-rnnge order c.nd crysta.llinc oxides nnd hydrous 

oxides of Fe and Al 

clay minerals ( laye r si lica tes ) 

short-ra nge order nluminosilicatc s 

ca lcium cnrbona t o 

hum.ic subst nnces 

The ability of thoso compononts to sorb P gonorally doc1~-:22-:::.J 

in the order: short-range order hydrous ox ide s of Fe and Al, o.nd 

short-•ro.ngo order nluminosilicntos > crystalline oxides and hydroun 

oxides of Fe nnd Al > clay rainor nls > cnlcium cnrbonnto » hun:'." 

substances ( Gorbunov, 1959; C-astucho ct .9-1., 1963; -Fox et p.l., 1971 ) , 
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1 • Oxides nnd hydrous oxides of Fe and Al 

Oxides and hydrous oxides of verying crystallinity occur in 

virtually all soils. Tho short-rnngc order components truce the form 

of gels , whereas crystalline components are more common in strongly­

weathered soils. Tho nbility of these components to sorb P varies 

considerably . Short-rnnge order Fe and Al components, which may 

occur as coatings on silicate min8rnls or as discrete phases, usually 

sorb more P thnn crystalline components ( Gorbunov, 1959; Syers and 

Williams, 1975 ), because of the greater surface area giving rise to a 

larger number of sites in the former. 

Data for tm sorption of P by "n:morphous nluminiun hydroxide" 

was found by Hsu .:md Rennie (1962) and Hsu (1965) to follow two adsorp­

tion curves, using tho LangI!ll.l.ir adsorption equation. The initial re­

action occurred very rapidly and was practically complete in a matter 

of hours, while tho second occurred at a much slower rate. The initial 

rapid reaction was thought to be nn i!Illnodiatc adsorption of the nddcd P 

resulting from tho displacement of weakly held hydroxyl ions loca ted at 

the surface. Tho subsequent less r apid reaction was thought to be duo 

to a surface adsorption on simila r short-range order hydrous oxides 

continuously developed during tho experiment by n weathering process 

( Hsu, 19 65 ) • 

l\fuljadi et al . (1966) found that tho adsorption isothorns obtain-- -
od from P sorption studios using kaolinite , gibbsite, and pseudoboohmite 

could be divided "by inspection" into throe distinct regions. Tho 

regions wore designated I, II, ~nd III, and it wa s suggested thnt tb.Gse 

regions were rela ted to the affinity of P for nt least three energcticnlly 

different r eactive sites. A similar isotherm-splitting technique was 

used by Bache (1964) for gibbsite nnd short-rnnge order hydrous ferric 

oxide. 

The simplest mechanism proposed by Muljadi tl.£1• (1966) is 

that region I ( sites with n high affinity for P ) corresponds to P 

exchange with an -OH counte~lon of an - Al(OH)2 group situated on the 

edge face of the crystal. This grouping would bo common to oxides; 

hydrous oxides, and kaolinite . The reaction sites responsible for 

sorption in region II were considered to be similar to those of region 

I, because the binding energy values ( K1 ) for regions I and Ir, ca l-

culnted from tho Langmuir o.dsorption equation, were similar. If this 



was true; however, there should bo no distinct boundary between tho 

two regions ( since K
1 

= slope/intercept ) • Region III wns thought 

5 

to be associated with tho occlusion or diffusive penetro.tion of Pinto a 

short-range order or semicrystnlline regions of the surfnco ( Muljndi 

tl _gl., 1966 ). 

These rather siI!lple rochnnisns proposed by MulJ:1di et .£1. ( 1966) 

have been nodified ns a result of more r ecent work by Hingston ct al . 

( 1967, 1970, 1972 ). They consider trot anion adsorption occurs by 

two distinct mechanisms . An nnion added to a hydrous oxide system may 

be: 

(n) c loctrostnticnlly a ttracted if the not surface charge 

is positive, but does not exchange with n ligand in tho inner Helmholtz 

plane ( i. H.p ). The se anions a rc wcclcly held, and have no effect 

on the charge of the surface. This is referred tons non-specific 

adsorption, oxrunplos being N0
3
- and Cl-, nnd ony be described by Scheme 

1 •' 

SCHEME 1 

I
+ 

/OH2 

M 

~OH 
2 

'\, 

Bulk Coordination 
oxide Layer 

i.H.p. 

Alternatively the o.nion may: 

+ 

\ 
NO - ­:, 

(b) exchange with a surface ligand and form partly covalent 

( 1) 

bonds with lattice cations. This is referred to as specific adsorption, 

nnd can occur whether the surface ho.s a net positive or negative chn.rgo. 

The amount of anion adsorbed is far greater thnn would be expected for 

non-specifically adsorbed species, which are adsorbed according to 

their relative abundance in solution. Most anions f nll into the 

specifically adsorbed category nnd nrc gen0rally derived frora weak ncids . 

At pH values where the ncid is ful]ydissocinted ( e .g.;F-) 

specific adsorption occurs only to the extent of the positive charge 
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of tho surfo.co ( s oc Scheno 2 ) and lH tlo specific adsorption occurs 

n t pH va lues more o. ll:nlino th:'i n the zero point of charge ( z. p. c ) 

( Hingston .£.1 ill.•, 1972 ) • 

+ 

NO -
3 

SCHEME 2 

0 

For nn i nconpletely dissocia ted a cid ( e .g., H
2

Po
4

2
-) specific a dsorp­

tion a t a posi ti voly chc.rged surfo.co is thought to occur by nn oxchnngo 

rea ction, as de scribed in Scheme 3 ( Hingston £i £1.., 1972; Broeuwsn'l. 

nnd Lyk l ona , 1973 ) • 

SCHEME 3 
+ 0 

When tho pH is higher t hnn t he z.p.c.; nnxinu:r:1 a dsoryt ion, 

a ccording to Hingston .£1 .Ql. ( 1967, 1970 ) , is dctorninod by tho pro-• 

portion of ions in solution thnt arc nble to donate and a ccept protons; 

and enter the coordination l nycr by effecting a ligand ezchruigo, dis­

pla cing H20 and/or OH-, as seen in Scheno 4. 

SCHEME 4 

-1 -2 + HO 2 

Hingston fil .tl• (1970) have suggesteQ tha t, in all cases, specifio 

ndsorptior. r enders the surfnce more neg~tively cmrged. Breouwsna and 

(2) 

(3) 

(4) 
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Lyklernn ( 1973 ), however, n.rgu0 thn t nega. ti ve chnrgo does not nlwnys 

increase with specific ndsor.pti on of P. Recent work in this laborn.­

tory by Ryden and f1cLauG'hlin ( pcrs . cor.m. ) using soils nnd n hydrous 

ferric oxide gol hns nddod support to the clni m of Brocuwsm nnd 

Lyklomn ( 1973). 

Hingston ct .fll• (1967) dononstrntcd that for nonobnsic ncids; 

silicnto , and bo r ate , thore is nn adso r pt ion nnxiuun ff~ tho pK of the 
n 

acid . For orthophosphate and otherpolyb.::tsic 1.cids, howovor , there 

is n discontinuity at each pK vnlue , tho ono nt the hif,'host pK, VD.luo a ~ 

being the nost narkcd . Tho obsorvntion of tho npproxioatGly 1 :1 

correlation between tho pH at mxirrura ndsorption nnd tho pK vnluo 
3 

suggests thnt specific adsorption depends on the eo.se of dissociation 

of tho conjugate ncid nt tho surface. At or nenr tho pK va lue the 
a 

ener gy required to nbstr nct a proton is nt a nininun, tho proton being 

required for tho removal of n surface OH, ns in Schone 4. 

In the co.so of orthophosphntc , both anions which can o.ccopt 

or domtc protons ( H2Po
4
-, HPo

4
2- ) c.ro present in oqunl concc:..:..~1'<.~~i 0::.:.., 

nt tho,pK~ of orthophosphoric ncid. According to Knflcnfi o.nd B.~r- Yosef 
' ·2 2-

(1969), bocnusc HF04 cnn contribute nor o nogntivc cmr~e to tho sur-

face thnn docs H2ro
4
-, tho c.olnr nnounts of P sorbod decrcr.so ns tho 

pH •".nd tho proportion of HP(\ 2- increase . This interpretc.tion hn.s 

boen criticised by Breeuwsnn nnd Lyklooa (1973) who found that sorption 

M:l pH = pKa did not devi-:i.t0 fron thnt .'.l t other pH values ·when tho 
2 

nnount of acid required to keep tho pH constant during tho sorption of 

P by henatito wc.s considered. 

A nunbor of workers hnve used these concepts to explain the 

observed effects of pH on anion sorption, not only by oxides and 

hydrous oxides of Fe and Al , but a lso by other soil conponents, nnd 

soils. Exa.nplos nay bo found in the work of Beckwith and Reeve ( 1963) 
for silicnte, Sins and Binghnn (1968) for bora te, Reisennur et .Q]_. 

(1962) for nolybdnte , Geering et al. (1968) for selenite, Harward nnd 

Reisonnur (1966) for sulphate, and Watson .£i al. (1973) for the herbi­

cide, 2, 4-D. 
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2. Clny mnoro.ls . 

Sorption of P by clny ninor~ls ( l nycr silicntos) has been 

studied widely ( do Hnnn, 1965; Muljndi ot .9:1., 1966; Kuo 0.nd Lotse, 

1972 ) • It is widely recognised thnt nctive nluoiniun ( tlm.t located 

on crystnl surfnces) is cnpnblo of renoving snall but significnnt 

amounts of P fro n solution . Tho gcnor nl constitution of tho nlunino-

silic'.lte l a ttice involves shoots of Al nnd Si l n..yors; tho Al l nyers 

my bo sinply nlternnting with Si l nyers ( 1 :1 typo, o.g., knolinito) 

or be,boundod on both sides by Si shoots ( 2:1 type, e.g ., nontmorill­

onito,vorniculite ). Successive Al c. tons in tho Al l nyor share 0-atons 

with tetrn-coordin.~tod Si of tho upper ( or lower) Si l ayer, in addi­

tion to shnring OH. At the edee of the l o. ttice, pairs of Al a tons 

which norm.Hy she.re bonds with -OH groups ( thus forming the edge­

situated hydroxy Al ntons) are believed to be bonded preferentially 

to P groups if present nt s~tisfnctory conc entr~tion ( do Hnnn, 1965 ). 

Tho rosul t would then be n bonding between edge-Al :md H2PO 
4 
- ions con­

pt1.rnblo to tho si tun tion bohroon Al nnd Si sheets. 

Muljndi ot .£1_. ( 1966) C'.nd Kuo and Lotso ( 1972) lw.vo postub.ted 

th.1. t tho r:iochnnisn of P sorption by k:~o li r~i to is sir:rilnr to thn t for 

P sorption by hydrous oxides of Al; nnnely, tho replo.ccnent of wnter 

nolecules and/or OH- nt tho surface of the active conponont. 

Knflmfi nnd B'.lr-Yosef ( 1969) dononstrnted toot tho slope of the 

curve of sorbed Pon t ho surface of kaolinite, as n function of pH, hnd 

discontinuit i es at two points, one nt pH 7.0 nnd the other nt pH 10.5. 

Tho close r elationship between these pH v~luos nnd tho pK .'.'.nd pK 
a2 .'.'.3 

v2.lues for orthophosphoric .'.'.cid suggests th..". t tho noch.1.nisn of P sorp-

tion nt clny Elinor~l s~fncos is the scme as thnt proposed by Hingston 

_tl .9J.•· ( 19 6'7, 1970 ) · for oxides -1.nd hydrous oxides of F0 r.md Al ( i. e e, 
specific adsorption )o 

Short-rnn~e order nluninosilicntes . 

Of the short-rnnge order co~ponents, nlloph~no-like mterinls 

hnvc been shown to be rnrticulnrly effective in tho sorption of P. 

Hypothoticnl models of nllophnne presented by Fie ldos nnd Schofield 

( 1960) nnd Udagnwn et £1• ( 1969} suggest trot tho structure of the 

nlurainosilicnto in its oloctrostnticnlly neutral sta te is such thQt n 

hole in the uncompleted Al totr~hedron will conveniently house nn 
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oxygen nton. Thus, in tho presence of water it is likely tha.t this 

site will be occupied by n coordin~ted water nolocule. Those totrn-

hodrnl Al sites hnve special affinities for o.nions conta ining- oxygen, 

nnd P sorption is thoroforo o.ssunod to occur by n lig~nd oxchango ro­

nction with wntcr molecules ( Fieldes ~nd Schofield, 19(;0 ). 

eloos .£1 .f:1• ( 1968) studied P sorption by o.llopho..110-likc synthetic 

nluninosilic.,_ tos. Kinetic plots of P soI'ption showed two linonJ?- por­

tions, I nnd II, with distinctly different slopes. These wore o.ssuned 

to rosul t from two diffusion processes occurring in tho course of tine. 

They suggested that portion I my be related to n double oxch~nge re­

action involving: 

Silico-nlunim- -Al+ - polyncr 

- + 1+ 1 TTPO-silico-nlum.inn - K + A -po ymor - •• 
2 4 

This inplias thn t H
2

PO 
4 
- my be spci cifical ly o.dsorbod through cxcha.Ilg'(' 

ronctiona with OH groups o.ssoci~tod with Al(OH)
2
+ ions o.nd hydroxy-Al 

polyners ( e.g., Al6 (OH)
12

6+. 12H
2

0 ). For portion II, Cloos .£!111• 
(19€8) suggested thnt noleoulnr o.bsorption or occlusion of P was poss­

ible, a ncchnnisn sinilnr to thnt proposed for Region III by Muljndi 

Sil~• (1966). 

CgJ.ci un c~boir-to· 

It is gonerally believed thnt calcium c~rbonnto plays nn inport­

nnt role in the sorption of P by cnlcaroous soils; nl though the signific­

ance of this cooponent relative to tho nore reactive Fe and Al conpon­

ents is not clear. Although both Colo et al. (1953) ~nd Kuo nnd Lotso --
( 1972) hnvc shown thn.t P sorption by cnco

3 
could be described by the 

Ln.ngruir adsorption equation at P additions of less th:"'l.n 15 y..g/nJ..; 

their data were inndequate to delineate n two-slope L.~ngnuir plot at 

low finnl·solution P concentrntions; o.s reported by Griffin end Jurin­

nk (1973). 

A nore intensive study by Griff in nnd Jurin..'\k (1973) lad these 

workers to conclude tho.t the interaction of P with the calcite surface 

resulted from n heterogeneous nucleation process, visualized as foll-

OWB : 

·•. 
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Tho initinl adsorption of P tnlcos place on a linitod nunber of specific 

surfnce sites . As ndsorption proceeds, site cavern.go incronsos to -

tho extent thn t ln tor.::il interaction occurs botl>rnen the etdsorbod ions; 

which oventunlly results in surface clusters of H2Po
4
- ions . Those 

clusters then servo ::i.s centers ( hotoronucloi ) fron which cryst.::i.l 

growth cnn occur ~ This intcr:protntion wns corrobor.:ited by the electron 

nicroscopc studies of Stunn nnd Lockie ( 1970} who showed thc.t oxposuro 

of calcite crystc.ls to P solutions resulted in tho dovolopnont of nnor­

phous or s cnicrystnllino clusters of H2Po
4
- on tho surfo.ce which grn­

dually chnngo into surfo.co nuclei o.nd ul tim toly into hydroxylnp::i. ti te. 

Somsund~ron nnd J...gnr (1967) provided n dotnilod account of 

the surface charge properties of Cnco
3 

and rolntod those to the ability 

of Caco
3 

to sorb anions fron solution . Difforentinl hydrolysis re­

actions appear to result in tho dovelopwent of a net charge on the suY­

f ace of tho calcite p::i. rticlo . Tho potentinl- dotoroining ions are 
2+ + - -Ca , H , nco

3
, and OH, producing n net positive charge at pH vnlues 

loss thD..n 9o5 ( tho z . p oc.) nnd n net nogntivo ch'.lrge at -pH vnlues 

gren ter th.1,n 9 ~ 5 ( S or1.'wundo.rc.n o.nd Agnr , 19 67 ) • Thus , o.nions cnn 

be adsorbed non- s:pocificc.lly by olo ctrostntic attrnction to the co.lci,.; '.) 

particle nt pH vnluos below tho z . p . c . , or , in tho case of H2Po
4
- , 

specifico.lly adsorbed by ligand exchange with bico.rbonnte ions nnd/ or 

carbonate ions existing nt tho r.;urfnco of tho c ::-. l cl.te pri.rticle . 11.cc ~rd­

ing to Kuo and Lotse (1972) , tho relative ndsorption strength of P nnd 

other anions present will depend on tho "solubility" of the conpound 

forned with surface Ca2+ ionso 

5. 

Humic substances are probably of very lioited direct inporta nce 

in the sorption of P by soils . This is be cnuse the functional groups 

i n such coupounds require very low pH values for protonntion to occur . 

Runic substances , however , DnY influence the sorption of P by soils in 

t wo ways : 

(a) In tho pro~onco of hunic substnnces , P sorption by 

soils ony be reduced . This is nttributed to the 

forn.~tion of conploxcs between the hunic -ncid and 

active Al and Fe ( Gorbunov, 1959 ; Gaur; 1969 )o 
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(b) Levesque nnd Schnitzer (1967) denonstrnted trot Fe­

nnd Al- fulvic ncids could internet with P to forn 

stable conplexes. In the low ( 1 : 1) molar oetnl: 

fulvic ncid ratio prepar a tion, P occurred ns the ortho­

phosphnte ion bonded t hrough the netGl to fulvic -ncid. 

In cont~nst, in the high (6:1) rntio preparntion, a 

considernbl o proportion of P occurred ns the nctnl 

phosphn to nixed physica.lly with fulvic o.cid- netnl 

phosphate. 

The significance of hunic subst~nces, in particulnr orgnnic 

anionic polyners, as conpeti ng neonts in the sorption of P by soils will 

he discussed in greater dotnil in Section II. 

B. Mcchnnisn of P sorption by soils 

Becnuso of tho very conplex nnturo of soils it h~s been diffi­

cult to postulo.te nechnnisns f or P sor ption by a whole soil systen. 

Attenpts to relate nechnnisns of P s orption develope d using pure cori-

ponents to whole soils rove r a rely been 1:u:i.do. To extend such nc clu.'l.n-

isns to whol:) soil systens , however, it is nocesso.ry to know which 

conponents arc i nportGnt in P scrption by soils. In nn nttenpt to 

identify tho conponents involved in P sorption by soils, onny workers 

hnve used selective chenicnl dissolution tochniques to renove certain 

conponcnts fron the soil ( Willians et .9:1!, 1958; Bronfiold, 1965; 

Syers et .£1., 1971 ), and rove attenpted to relate the decrease ( or 

increase) in P sorption to the p..~rticul~r conponcnts rcnovod. These 

procedures have denonstrnted th~t the sorption of added Pis generally 

better correln ted with Al parnneters them with Fe para.re. tor•• The use 

of selective dissolution techniques, however, is unsntisfnctory for two 

nain reasons . Firstly, the renovnl of one soil conponcnt by a. cher.rl.-

cal oxtrnctnnt my expose P sorption sites which plny little or no 

role in P sorption by the untreated soil. Secondly, anions presen~ 

in the chonicnl oxtrnctnnt used, if ~ot renoved by washing, nny effect­

ively conpete with P for sorption sites. 

The cu ti on-exchange cnpaci ty ( CEC) of soils is known to increase 

as a conseqi.;tenco of the sorption of P ( Toth and Bear, 1947; Coleron 

and Mehlich, 1948 }. The incrcnse in negative cbnrge hns been attribut­

ed to the replacenent of -OH2 and/or -OH groups by H2P0
4
- nt the sm:1'nce 
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of a conponont, with n subsequent shift in the z.p.c. of tho surface 

to lower pH values ( HiUGston et~., 1970 ). Moro cations are there­

fore required to balnnce the additional negative charge produced by tho 

specific ndsorption of enions. Lowering of the z. p.c. in tropical 

soils, as n consequence of specific ndsorption of ,-:tnions , h11s been 

clearly denonstrnted by Ven R.2.ij nnd Pecch (1972) nnd ~bknru nnd Uohnrn 

(1972). 

Using six Connecticut soils, Snwhney (1974) observed thnt nt 

low pH values ( < 5.0)~ tho increase in CEC resulting fron P sorption 

occurred nninly by replncccent of octnhcdrally coordina ted wntcr nole­

cules on nineral surfaces. At higher pH values ( > 6.0 ) , increnses 

in CEC were l nr gely due to replnconent of hydroxyls by polyvalcnt 

phosphate ions. Further, for soils of ten~,r a to regions, Snwhney ( 1974) 

showed that oxides and hydrous oxides of Fe nnd Al , rather thnn lnyor 

silicates; were prionrily responsible for tho incronse in CEC ns n re­

sult of P sorption. Sinilnr results were reported by Moknru nnd 

Uehnro (1972) for tropical soils . These workers observed n positive 

sorption of No
3
- or Cl~ in ferruginous tropical s oils. Nogntivo sorption 

2-of these ions occurred, however, ns soon ns so4 wns added, which tends 

to support the view tha t specifically adsorbed anions incrense the negn­

ti VO charge• 

In a coflpnrison of the sorption of uolybdntc , sulphate, nnd 

phosphate by Austrnlfan soils, Barrow (1970) showed thc.t as the pH 

of tho sod.ls decrensed fron 6 t o 4, the r a tio of sulpmte to phosphnte 

sorbed increased by n f actor of three. This wns a ttributed ro inly to 
2-tho increased ability of the surface to dom.te n proton to so

4 
, a 

suggestion which has not been denonstra ted experinentally. Over the 

sane pH range, the rntio of nolybdate to phosphnte sorbcd increased by 

a :factor of 20. The slope of this relationship with pH was consistent 

with the hypothesis tho.t adsorption occurs when ions, cnpnble of donnt­

ing and nocopting protons, exist sirrultnncously a t the interface of the 

adsorbing phase with the solution. 

Syers et _tl.(1973) dononstrnted thr...t sorption isotherns for 

added P ( for fine.l solution P concentra tions up to approxinntely 

15,ug/:cl) consisted of two linear relationships when plotted according 

to the Langr:ru.ir equation, indica ting tho presence of two populations 

of sites having a widely differing affinity for P. It was suggested 
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the t those two linec.r r e l 2 tionships 1rnro the r esul t of the differing 

binding energies of o. r ange of soil c onponent s , possibly involving 

different nechnnisns . 

The r t1. te of P sorption by soils f ollows two r o.thor - distinct 

po.tt0rns - ( Kurtz ot o.l., 1946 ; Rcnnio nnd McKe rcher , 1959; Fox nnd 

Knnpr.:1. th , 1970 ) , nnnely o.n ini tfally r npid n.dsor ption r0l:'.ction f ollowed 

by o. v ery nuch slower r oo.ction which cnn proceed f or n..".ny dnys o It 

hc.s been cln i nod by sover2.l wor kers tho. t tho t i ne- dependence of P sorption 

results fro n tho diffusive penotra.tion of P i nto soil n'1t eria.ls . Auto-

r ndiogrnphy hn.s been used to study the diffusion of P in info.ct soil 

( Gunnry , 1964 ), in soil o.ggrogo.tcs ( Lnrsen -o.nd Guno.ry , 1965 ), and 

through soil to plant r oots ( Lewis o.nd Quirk, 1967 ) .. rlhthelJ[l.ticru. 

expre ssions describing tho flux of Pin solid s have been pr es ent ed by 

Lewis nnd Quirk (1967) c.nd Nye (1 9ffi ). Tho ponotro. tion of Pinto soil 

crunbs was stud ied by Evans c.nd Syers (1971) urdri.g o.utorndiogr o.phic 

techniques involvi ng the low ener gy isotope , 33P. tutora.diogro.ns of 

soil crunbs which lmd been i n c ontc.ct with 33P .'.".nd 31 P f or w1.ryi ng 

periods cf ti~o shouod a rnth01· r .:1.pid ponotr:J t i on of P, which :i.nc:,:vc...;;'-',:: 

with tine . This f a.ct, a. long with the observed r0duc tion i n exchnngo-

.:i.bili ty of the sorbed o.dded P with t i ne , substnnti.'.".tes tho hypothesis 

tha t tho penotrntion of n.dded P is n diffusion-controlled process which 

is r o.pid~ 

It is possible tha t the diffusive penotro. tion of ndsorbcd P 

could result in the r cgcnor Qtion of sites for furthe r P sorption. The 

rate at which rogonor u tion occurs would depend on the P conccntrn. tion in 

tho soil solution which; in turn, doterDines tho diffusion r ntc. Low P 

concentra tions in solution would produce n slow r a te of diffusion . 

Any a ttenpt to describe the ncch~nisn of miion sorption by soils 

will probnbly bo ns nuch concerned with the cho.r ncteristics of the anion 

a s with those of the soilo Tho fornulntion of n gonero.l theory for a nion 

sorption by soils is conplica tcd by a -nunbor of f actorso For oxnnplc; 

No,- is not strongly sorbed at; nny pH, whereas nolybdnte , which is 

strongly sorbe d nt low pH, be cone s less strongly held ns the pH rises; 

for bornte tho r everse is true. 
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SOIL COMPONENTS M ID SOILS 

14 

The phosphate enion is strongly sorbed by soils; ospocinlly 

thosG contnining short-rGngo ord0r Fe o.nd Al hydrous oxides . In n 

soil/soil solution/plant root syston, the plnnt coCTpo tos successfully 

for nitrate, sulph~to, nnd chloride i ons , but it u~y be greatly over­

mtched by tho soil when conpoting for n high-affinity nnion like phos­

phate. Distinct depl eted zones nGo.r plnnt roots have been observed 

on nutoradiograns of soils equilibrated with 32P ( wwis and Quirk, 

1967 ). Theoretically, P sorption by soil conpononts nnd soils nn.y 

bo reduced by tho nddi tion of high nffini ty anions with the phosphate 

ions. Conpetition for sorption sites results nnd the anions are 

partitioned between tho adsorbent nnd tho soil solution in accord with 

their respective affinities . 

One of the earliest studi os of tho effect of conpo ting anions 

on P sorption wns carried out by Mll.ttson (1927) . He observed thnt the 

citra te ion restricted P sorption by soils to a large degree, whereas 

tho sulphnte ion displaced only nodera te qunntities, and tho chloride 

ion still less. Shortly a fte :..· , Donolon andl. Bustisse (1934) observed 

that less P was sorbod fron e. solution contnining another "adsorbnble" 

anion; such a s tnrtrate, citra te, oxalate , and silicate; than fron-a 

solution containing n largely "non-adsorbnble" nnion, such as N0
3
-, 

s0
4

2-, or Cl~. Since this tine a considerable nnount of evidence has 

accur:mlnted which shows that different organic nnd inorganic nnions 

counteract P sorption by soils; it is generally agreed · that organic 

anions are superior to inorganic anions in this respect. 

A. Influence of inorganic anions on P sorption by soil 

conponcnts and soils 

The effectiveness of-inorganic nnions in reducing P sorption 

by soil conponcnts nnd soils, nnd tho factors responsible for the diff­

erent affinities of the vnrious nr..ions to the o.dsorbont surface, have 

beonitudiod by a nunbor of workers ( Deb nnd Datta, 1967 · a, b; Barrow, 

1970; Hingston fil .Q:!., 1970, 1971; Obihara. and Russell, 1972 ). 
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Tho obsorvc..tion by Kinjo nnd Prntt ( 1971) tro t P sorption .-ms unnffect­

od when the concentrntion of N0
3
- wns vnriod fron 0.25 to 0.001 M 

sup,orts the theory of Hingston ct Ql• (1967) tru::.t non-spocificnlly nu­
sorbed anions nrc ineffective in reducing P s orption by soils. Sini­

l nrly, •Cl- hns li t tle effect on tho leve ls of added P sorbed ( 1hgnrnjnh 

ct .£.1•, 1968 ). 

Tho extent t o which spocificD..lly ndsorbod inor go.nic o.nions 

conpeto with P for sorption sites npponrs to be r ol nted to the forn of 

the nnion present in solution, which in t urn is influenced by tho pH of 

the sys ten . For exanplo , Obihnr n nnd Russell (1972) dcnonstrnted thnt 

tho m xinun adsorption of silicon fro n solution by throe soils occurred 

a t pH 9.2; whereas the mxirnm-ndsor ption curve f or P fron solution 

showod breaks in slope n t pH 6 .4 a nd 11 ~ 6. 

with tho respective pK vnlues; for silicic n 

Thoso vnluos -coopnrc closely 

a cid tho pK value is 9.6,· 
- n 1 

whereas the pK nnd pK va lues for 
a 2 a3 

phosphoric acid a re 6.7 nnd 11.3; 

respectively. In D.. nixed s olution, sufficiently concontrnted in both 

silic11. to nnd phosphn to to gi vo 1J.:.1.xi tn1n sorption of oi ther 3.nion if pre­

sent a lone , silicnto did not affe ct tho nnount of P sorbod until the 

pH wns nbovo 6.5 to 1 .0. At this pH ; tho !J.'.l.Xi r:nm sorption curve for 

silica te crossed tmt f or P. Using n r nngo of i nor ganic acids; Hingston 

.9l, nl . (1970) dononstrnted n high correl ation b0twecn the pK values of n 
the conjuga te acids of the vnricus anions nnd the pH values nt which 

specific adsorption showed o. onr kod chn.nge . This suggests th.~t specific 

adsorption of anions dep<mds on the case of dissocinti on of the conjugate 

acids at the mncrnl surfnce. 

Barrow ( 1970) hns used t he reL:ttionship between pK v~luos nnd 
l1. 

tho pH nt which tho specific ads orption of o.nions shows n m rkod change 

to explain the results obt~incd for the sorption of phosph..~te , sulphate, 

and nolybdn to by soils. The noro acid the soil, the norc sulphate 

sorption was f avoured relative t o P. Tho nnounts of sulpha te sorbed, 

however, were nuch• sm ller than the nnounts of P sorbed. Also , the 

nore acid the soil; tho nore nolybdnte wns sorbed relative to P or 

sulphate. In this reg~rd, the sorption of nolybdate provides an in­

teresting contra.st to P. Accura te vnl ues for the pK of nolybdic 
n2 

ncid nrc difficult to obtain bccaus o of tho tendency of uolybdate to 

polynorize ; but tho value appears to be close to 4.0. Thus, it has 

been nssunod by Ba rrow (1970) thnt nt pH 4 o0 the forns present nre 
2- -the fully charged Moo4 nnd the partially charged HMo04 • It was 
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concluded: th~t the nbility of nolybdntc to conpote with Pis deteri:d.nod 

by the proportion of nolybdnto ions present in tho fully charged sto.to. 

li.s n conpoting o.nion, sulphntc differs froo nolybd.'.l.tc in that 

the ratio of sulphnte sorbed to P sorbed is less affected by increases 

in pH. · Tho pK for sulphuric o.cid is about 1.9, n.nd hence oven nt 
0 2 2-pH 4.0, nost of the nnions nro present as so

4 
nnd only n sn~ll pro-

portion ns HS04-. Hingston ct ale (1970) have suggested thnt tho 

dor.tln.".nt ncchnnisn of so
4

2
- adsorption involves the donntion of n proton 

fro~ tho surface to the so
4

2
- ion, thus explaining the greater ability 

of sulphate to conpetc with P under acidic conditions. 

Hingston £1.Ql. (1971) described tho c onpctitive sorption of 

P o..nd selenite, nnd P c.nd nrscnnte on oxide surfaces by a Langrmil,._ 

type exchange equation. Their results show tha t at any pH va.lue the 

mxinun nnount of Gdsorbnte on the oxide surface depends on the identity 

of the nnion. Secondly, they postula ted that the sorption sites were 

of three kinds coL1IJ.on sites , sites where only one of the conpetitors 

can be sorbod, :i.nd sites where only the other cnn be sorbod. Obihnrn 

nnd Russell (1972) did , in f a. ct, find this to be tho case for the 

specific adsorption of P nnd silic.'.l. te by soils. 

In nixed sys tens , it nppenrs th •. , t it is possible to occupy 

noro sites-with nnions thn.n when either anion is present a lone ( Hines-

ton £1 ,ru.., 1971 ) • Using the nnion exchn.nge equa tion, these workers 

showed th-1 t tho r:ri.nirnm nren occupied-per nnion for P plus selenite 

on goethite B wns nbout 37 R2 nt pH 5; conpared with 63 .R2 
for selen­

ite o.nd 69 1?.2 for P when sorption wns non.sured in tho absence of coo­

petitors. These dntn were interpreted ( Hingston2..i.0l•, 1971) ns 

showing thnt ono anion in tho nbsonce of conp::titors is shared between 

two Fe ntons on the crystnl surfnce through n bridging link. Tho pro-

scnce of a second anion appears to render the other Fe sites on tho 

surface avnilnblo for sorption, possibly by hnving two bridging ligand 

links a ttnched to each Fe a ton. Tho reason for this is not clear. 

It is difficult, therefore, to a.rrange conp::ting nnicms in 

order of their effectiveness in reducing P sorption by soil conponents 

o.nd soils. Their effectiveness appears to depend on tha mture and 

properties of tho soil, the pH of the support nediun, nnd the concen­

tration of both P nnd conpeting anions in solution. In 11 nixed systen 

of P Rnd another union which is specifically ndsorbed, nny increase in 
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the net negative ch,.1.rge rcsul ting from the adsorption of the other anion 

should result in a reduction in the amount of P sorbed ( Hingston et ul. , 

1967; 1970 ). 

B. Influence of org'[l.nic anions on P sorption by soil 

components and soils 

That organic matter ms a beneficial role in reducing the 

capacity of soils to sorb P, -and therefore increase the availability of 

native and added P to plants, has been reported by Mi.dgeley and Dunklee 

(1945) and Kononova (1971). Swensontl !!1• (1949) assigned a specific 

role to organic matter in making P more available to plants. They ob-o 

served that certain organic anions were effective in reducing P sorption 

by Fe and Al components, and in liberating sorbed P from these components, 

at low pH. The most effective organic anions were those which were kno .. m 

to form stable complexes with Fe and Al. It was suggested that such 

anions were produced by microorganisms during the decomposition of organic 

matter in soils. 

A large range of organic compounds have been identified in the 

root exudates of plants ( Rovira, 1965 ). These include many organic 

acids known to flDrm strong complexes with Fe and Al. Examination of 

the root-soil interface under the electron microscope has revealed a 

slimy gel between the root and the soil colloidal particles ( Jenny and 

Grossenbacher• 1963; Brems, 1969 ) '1-Thich has been called "mucigel". 

This material is considered to consist of poetic substances, chiefly 

partially methylated polygo.lacturonic acids. These acids have been 

shown to be highly effective in reducing P sorption by soil components 

( Nagarajah et al ., 1970 ) and soils ( Struthers and Sieling; 1950 ). 

The effectiveness of an organic anion in reducing P sorption 

by soil components and soils appears to be related to the structure 

of the organic molecule and the pH of the system. Struthers and Sieling 

(1950) reported that each organic anion varies in its ability to compete 

with P as the pH changes. They concluded that at any pH within the 

range of values for agricultural soils, there are some orgnnic anions 

present that are markedly effective in reducing P sorption by Fe and Al 

oomponen ts. 
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Anions which would be expected to exhibit a high affinity for 

hydrous Fe-and Al components contain -a multiplicity of oxygen-containing 

( carbonyl, phenolic, and carbo:xyl ), sulphur-containing ( sulfhydryl, 

thioether, and disulphide), and nitrogen-oo~to.ining ( amine and azo ) 

groups; these are pola r donor groups (ligands) which can supply a. pair 

of electrons to metal cation acceptors , forming chelates ( Dwyer and 

t~llor, 1964 ). Adjacent donor groups provide an opportunity for 5-

or 6- membered ring closure, which is a fe.:1ture of chelation; as shown 

below: 

Somo of these chelating compounds hnve been shown to be very effective 

competing anions ( Lu Fleur ani Craddock, 1967; Nagarajah il .Ql.., 
1970 ). 

Of tho range of commonly-occurring soil orgnnic substances 

considered by Struthers and·Sieling (1950); Bradley and Sieling (1953), 

Deb and Datta ( 1967 a , b ), and Nago.r.1.jnhil.£1• (1970 ); it appears 

that citrate and oxo.lnte are the most effective in reducing -P sorption 

. by soil components and soils. On the other hand• ll1'.l.lonnte , tnrtratc, 

and malate appear to be only moderately effective, whereas acetate; 

succimto; and lactate have little effect on tho amount of P sorbed. 

Some of the amino acids commonly found in the rhizosphere solution 

( alanine , aspartic acid, lysine, and threonine ) were virtually ineffect­

ive in· reducing P sorption ( Struthers and Sieling, 1950; Nnga.rnjnh .£i fil•, 
1970 ). 

A significant result obta ined by Nagarajah tl &• ( 1970) in 

their studies on the competitive sorption of P vrith organic anions on 

kaolinite nnd hydrous oxide surfaces was tho mnrked effectiveness of 

polygalacturonate in reducing P sorption. In contrast, the monomer 

galo.oturonnte hardly decreased P sorption. Polygalacturonate is kno.-m 

to form stable chelates eontaining five- and/or six- membered rings with 

Fe and Al ions ( Schweiger; 1964 ). A related observation is that the 

polymer has been found to complex Cu2+, whereas the monomer does not. 
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The ability of polygalacturonate to decrease P sorption by soil compon­

ents may suggest tmt this compound can have a similar effect on soils 

nnd possibly promote the desorption of sorbed P from soils. 

Tho bicarbonate ion hQs a lso been shown to be effective in com­

peting with P for sorption sites ( Nc.garajah et Ql., 1968 ). The con­

centra tion of bicarbonate in the soil solution depends on f actors such 

a s pH and soil moisture content. Burd a r.d Martin ( 1924) found thllt the 

bicarbonate concentra tion in tho soil solut ion of two a llcaline soils 

with o. moisture content of 12.5%variod from 0.14 x 10-
2 

11 to 0.42 x 

10-2 M. 

The work of Hingston .£i QJ_. ( 1967, 1970) on the specific 

adsorption of inorgo.nic anions suggests tha t anions of certain weak 

organic acids would also :~a.dsorbed specifically a t pH values near tho 

pKa values . This was confirmed by Nagar a j ah ct .£1• ( 1970) who reported 

that the ability of any organic nnion to compete with P for sorption 

sites was grea t es t nt a pH correspondi ng to tho second pK value of the a. 
organic acid. 

It appea.rs from tho li te r a turo th...':. t when P and a.n organic anion 

aro present together, tho decrease in P sorption by an adsorbent results 

from the specific adsorption of the organic anion which causes coopcti­

tion between P and tho orgnnic luion for sorption s ites. Whether an 

organic anion is cnpable of decreasing P sorption or not would be de­

termined by the relative stabilities of the Fe- and Al- organic anion 

oomplex and tho Fe- and Al- phospha te complex . 
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Although the mechanism of depletion of sorbed Pin response 

to plant uptake is not completely understood, desorption must be .an im­

portant stop in the process , particularly when tho concontrc.tion of P 

in the soil solution is inadequate to satisfy plant requirements. As 

plants progressively deplete P from tho soil around their roots, the 

availability of the sorbed Pis expected to be partly dependent on tho 

chnractoristics of tho desorption isotherm. 

Anion exchange reactions have been described by Doan and 

Rubins ( 1947) ns the substitution of ono anion on tho exchange complex 

by another anion which is present in tho soil solution in greater con­

centration or possesses a stronger tendency to hold its position on the 

exchange coraplex. Kurtz ct .01.~ (1946 ) found thnt various anions replaced 

sorbed P in tho following order : fluoride ;:> oxalate :;:,,- citrate ?' 

bica r bono..tc > bornto ) acetate > thiocy.'.Ulnte > sulphate > chloride . 

Borate, acetate , thiocynnnto , sulphate, and chl oride removed similnr or 

smnller amounts of P tho.n water . Tho stability of the complex formed 

between-the anion and Fe or Al , compnrcd with the Fo- or Al-phosphn te 

complex, was thought to determine the ability of the anion to replace P 

( Swenson fil Q.1.; 1949 ). 

The increase in the net negative cha rge of Fe nnd Al surfaces 

resulting from tho specific udsoTpt ion of inorg:mic anions led Hingston 

.£1~. ( 1967, 1970) to conclude that the desorption of P could only 

occur when tho displacing anion is specifically adsorbed and present nt 

sufficiont concentrntions to increase the net negative charge of the 

surface. They suggested, therefore , thnt Cl- and N03- could not dcsorb 

P because these ions are non-specifically n.dsorbcd an:l cannot lrlllke the 

surface more oogntively charged. Brccuwsma and Lyklomn ( 1973) have 

since cle.imcd, however; thnt specific adsorption of P and other anions 

does not always increase tho negative charge on the surface. Polybasic 

organic acids, such as citric, tartaric, oxalic, -malic , and carbonic 

acids , which arc found in root exudo.tes ( Rovira, 1965 ), conform to 

the requirements of Fingston et Qle ( 1970) and hnve boon reported to be 



21 

effective in replacing P from soil colloids ( Dean and Rubins; 1947; 

Swenson ,tl .Q]_., 1949; Deb .'.1. nd Tu.ttn, 1967n ). 

Both Muljadi .9.,1 .Ql.. ( 1966) o.nd Ka fkafi £i .91.. ( 1967) hnvo 

shown that P sorption by gibbsite G.nd kaolinite is reversible for 

ch3:ogos in pH. When the sample s wore washed nt constnnt pH, the 

equilibrium points <lid not correspond wit h the adsorption isotherm. 

Simila r results we~e noted by Hingston £:1 £1• (1967) for selenite 

sorbcd on goethite , and by Aylnoro Qi .91., (1967) for sulphnte sorbed on 

Fe and Al oxides . K~fknfi tlM• (1 967 ) suggested trot this irrever s i-

bility wns due to the adsorbed P being relocated to positions of strong­

er binding to the surfnce which occurred when the concentro. tion of P 

at tho surface was reduced. Hingston _tl !ll.• (1974) proposed thnt the 

P sorbod on kaolinite , which could not be dosorbod on washing a t con­

stant pH, for me d two coordinate bonds at t ho surface , wherea s P which 

could be removed by washing wns held by only one bond. The proposed 

reaction is shown schemntica lly as 

I _,,,,,,,,OH2 O 
-2 -1 

.,./" II 
_,,.,,,,,,,,--Fc---_ O-P-O 

o I 
~ ~OH O 

Fe 
I ~OH 

2 

Reversibly adsorbed P 

Wo.shing o. t > 
constant pH 

Irreversibly ndsorbod P 

+ OH 

This mechanism nlso provides an cxplo.nntion for - the decrease 

in negntive chnrge observed during washing ( Hingston.£! .9:1., 1974 ) • The 

effect of this might be to increase the a.ttrnction between tho surface and 

tho ions remaining in 

of the surface. Tho 

completely understood. 

solution because of tho decreasing negative cmrge 

reason for tho lack of reversibility is still in­

Evnns Rnd Syers (1971) have suggested that tr~ 

diffusive penetration of P to internal surfnces with time could be in­

volved. 

Tho nbove scheme for nnion desorption ( Hin.?;ston .£i~.; 
1974)mn.y be used to explnin the observation of Hingston ct nl. (1971) 

thnt the minimum surfa ce nren occupied per nnion for P plus selenite 

competitively sorbed on goethite is npproxinntely half the surface nrea 

for selenite or P when sorption is measured in the absence of corapetitors. 
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In the absence of competinc nnions, both P and selenite e.re specifically 

[l.dsorbed forming bidentnte ligands with surface Fe sites, whereas in the 

presence of both anions, monodentate lignnds arc formed. 

Both ci tI'c'. te a nd bica rbonate have been shown to effectively 

desorb sorbed added P from kaolinite ( Nngnr ajnh fil .£1., 1968) o.nd from 

soils ( Evnns and Syers, 1971 ). Nagar ajah J_t &• (1968) demonstra ted 

the effectiveness of these two anions in decrco.sing P sorption by 

kc.olinite and in promoting desorption of previously sorbed P from 

ko.olinite . Although the effects of the t wo nnions on P sorption 

a nd desorption were simil:::. r, the concentrn.tion of tho bico.rbonnte ion 

required to achieve equiv1:qent desorption was much gr eater than thn t of 

the citrate :iian·- ( 2 x 10-~M for bicarbonnte rui.d 2 .5 x 10-3M for citrri te ). 

The pH 3.Ild ionic strength of the sys t ems were nlso different . 

rhgo.r a j ah §.1 .Ql. (1 968 ) sugges ted thnt nt the pH of the 

systems used, the two onions existed in n form cnpcble of domtiri..g 

nnd a ccepting protons, thus fulfilling the requirements f or specific 

a dsorption. They further postuln ted that the c h..1. rge existing ::i. t the 

knolini te sv.r fo.ce followi.ng sorpt ion could be ma.de up in a number of 

wnys depending on the sequence of sorption . vlhen P wo.s added before 

citra te or bicarbonate, a greater proportion of the chnrgo wns mnde 

up by P; the converse wns true i f ci t r ate or bicci.rbonate was added 

first. When P nnd citrate or bic.:7.rbonnte were ndded together, howcvor, 

the resulting isotherm wo.s very close to that obtained when citrate or 

bicarbonate was added first. This reflects - tho greater affinity of tho 

kaolinite surface for citrnt e or bica.rbom.te , rela tive to P, when the 

anions exist together in solution. The reason for this is not clenr. 

Using nutoradiographic techniques, Evo.ns nnd Syers (1971} 

demonstra ted tha t P sorbed by soil crumbs inn period of u~ to three 

weeks was essentially non-desorb~blo by c-hloride or sulpha te i n 7 days. 

The mobility of sorbed P, however, was grea tly increased during desorp­

tion for 7 dnys with bicnrbonnte or citra te solutions, resulting in a 

complete redistribution within the crumb , and up to a 6Cf/o roplncement 

of previously sorbed P. Tho a pplicability of such results to the 

practical situQtion a ppears limited becnuse of the high a nion concentra­

tions used ( 10-1 M ) and the wide pH rnnge observed in the extracts of 

the differ ent anions. 

An interesting observa tion was mnde by BarrOiv ( 1974, b ) 

in a s~1dy of tho desorption of P from soils by arse:nate a 
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With increasing time of contact botwoon soils nnd P prior to nrseI1.'.1. te 

addition, the proportion of the ndded P which wr'.s dos orbed by nrsom te 

decronsed but remnined independent of tho level of P addition. This 

suggests tha t diffusion through the liquid phase from one adsorption 

site to ano ther wns not involved, bocnuse the effective diffusion co­

efficient would be oxpeotod to increase with an incrense in the level 

of nddod P ( Lewis o.nd Quirk, 1967 ) • This conflicts with the findings 

of Ev::ms nnd Syers ( 1971) who proposed n diffusive pcnotrntion of adsorbed 

Pinto the retaining component , cmphnsizing t ho need for further research 

in this ar0a. 

The ability of specifically adsorbed nnions to dosorb 

previously sorbed P appears to be rela ted not only to - tho concentrotion 

of competing anions in solution, tho pH of the system, and tho length 

of time following P addition~ but a lso to tho properties of tho nssociat od 

ca tion ( Obihnrn and Russell, 1972; Barrow, 1974b ). It is probable 

that t 'is effect is nssocintod with diffe rences i n the strength of ad­

sorption of tho ca ti0n on component surfaces ; co.tions tha t are specific­

ally adsorbed ( e . g., Co. 
2+ ) ; would increase tho posi tivc ch.1.rge of the 

surface ; and therefore enhance · P sorption rolntivo to non-spocificnlly 
. + 

adsorbed ontions ( o . g., Na ). Rydon c..nd Syers (1975), however , rove 

shown tmt tho effect of t he a ssocia ted ca tion on P sorption is purely 

ld.netio. 
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IMPLICATIONS OF LITERATURE TO PRESEN'r STUDY 

The nbility of inorgnnic and organic nnions to reduce P 

sorption by soils, or to desorb previously sorbod P from soils, nppcnrs 

to be rela ted to tho mnount and nnturo of components in tho soil it­

self, tho structure and concontr ntion of tho competing anion, and tho 

pH of tho system. Tho theory of specific o.dsorption of anions, ns 

proposed by Hingston ct nl . ( 1967 ; 1970, 1972 ), pr ovides o.n interest­

ing explanation of tho ability of onions to compote with P for sorption 

sites on soils ond soil components. According to these workers; any 

increase in tho net negative char ge of the surface of t ho r e t nining com­

ponent; resulting from the adsorption of a competing anion; should re­

sult in o. reduction in tho amount of P sorbed. The importance of pH 

in determining tho charge chnr nctori stics of -both adsorbent and o.dsorbnte 

has also boon demonstra t ed ( Hingston et al., 1967, 1970; Mekaru and 

Uehara, 1972; Sawhn£y, 1974 ). 

Tho first nnd a~ j or difficulty in co mparing t ho r esul ts 

obtnined in anion sorption o.nd desorption studies by vr.ri ous workers 

arises from tho l nck of uniformity in oxporinent~l conditions. In tho 

few dotnilod studies of t ho c omp::i t i ti vo sorption <"- nd desorption of P, 

tho effoctivonoss of various anions has boon confused by compu.risons of 

anion systems of widely differing concentration ( 1fagar njo.h ot .9:1., 1968 , ), 

of widely differing pH ( Evans-o.nd Syers, 1971 ); and of different ionic 

strength ( Obihar n o.nd Russell, 1972 ). In most cases this m'.lkes com­

parison both within and be tween different studios virtually impossible, 

thereby preventing estiilll'.t ions of tho r elative i mportc.noo of oach com­

peting anion. 

In most studios rolnt i ng to the comJ)Otitive of foot of a nions 

on P sorption nnd desorption by soils, the concontrRtions of both P and 

competing nnions susta ined in solution b~r the solid phase invariably 

have been f nr -in excoss of those found in the soil soluti cn ( Deb and 

Datta, 1967 a , b; Bnrrm·r, 1974;· . Gaboo.rdt nm Coleman, 1974 ) bocnuso 

of the high levels of anions initia lly ndded. This does not provide 

an a dequnto simula tion of tho soil system. In m ny cnsos the levels 

of inorgnnic P ndded in competitive sorption/dosorption studies· with 

soils hnve been selected arbitrarily ( Obihnra and Russell; 1972; 

Barrow; 1974 ) without recognising that the rela tionship bohroen P 

sorbed by tho soil nnd P sustained in solution cnn va ry npprecinbly 

for different soils. 
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The purpose of this study is, firstly, to detormin0 the 

extent to which colill!lonly occurring inorganic o.nd organic nnions affect 

the sorption of P by soils o.nd, secondly; to determine the extent to 

which inorganic o.nd organic anions in tho soil solution influence the 

desorption of both n.o.tivo ~nd nddcd sorbcd P from soils . In ench co.so, 

the level of P added too. particular soil i s dc torninod fro ~ the adsorp­

tion roximn. of regions ostnblishod using tho Langmuir equa tion. 
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SORPTION /~ND DESORPTION OF INORGANIC PHOSPIL"...TE 

BY SOILS .f\.S INFLW;NCED BY CONP8TING I NORGANIC 

AND ORGLl'TIG il.NIONS 

ABSTRACT 
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Tho extent to 1'1hich inorganic r:.nd org-mi c ['.nions , n t concontrn­

tions rcl0vnnt to tho soil solution, nffoct tho sorption of added inorgo.ru.c 

phospho.to (P); r:nd influence tho desorption of both previously sorbod nddod 

P rmd nri.tive P, wn.s studied using four centre.sting soilso Those soils vnriod 

in prop0rtios nnd amounts of components believed to be import~.nt in P· 
-2 - -2 2-sorption ronctions in soils n In contrc.st to 10 IvI N03 , 10 N SO 4 , o.n-:1 

10-3M HC0
3
-, 10-3M ci trnto and 10-511 polygnln.cturon1."..te (PGU) uero gen::m2lly 

affective in reducing P sorption r.nd in promot2.ng dosor-p,cion 0f previously 

sorbed added P fron tho four soils. In all studies, however, 10-5M PGU 

wns mor0 cffocti vo in this r ogo.:i.'d th[\n oquiv['_,1-:::nt concont:.•t'. tions of no
3 
- , 

2- -so4 , HC0
3 

, etnd ci tr '.'.tG o Tho g:.:-c.:i.tor nffini ty of P, ::-olo.tivc to othJ::..' 

cmions , for sorption si tos on corapononts in tho four soils observed· for 

concontr t::. tions oqu.:.. l t o or lowor tlnn those of t ho co!"lpoting anions , is 

ntt ributcd to tho strong covalent chetr ['.ctcr of the bond formed between th3 

phos phn te ion !'..nd tho Fe nnd/ or Al cons ti tu-ting surfncc si tos. Only 

10-
2

M s0
4

2
-, 10-3M citrate, ::md 10~5r,i PGU removed dotoctnblo a.mounts of 

:nntive P from tho four soilso Tho i mportance of pH control is ompho.sin::::-l 

by the results obtninod for the sorption nnd desorption of Pin the pros~ 

enco of other anions . Kinetic studies of P sorption in tho presence nnd 

absence 

So 2- . 
4 , 

by the 

of comp0ting nnions ove r n 6-dny shaking p(, riod showed the. t wo
3 

- , 

D.nd Hco
3
- had little obsGrvablo effect on the amounts of P sorbod 

soils nftor the initial 40-hour shnking period . In contrnst, 

PGU produced n mnrked timo-depondont incro~sG in the fiml solution P 

concentm tion with the Egmont and Okniho.u soils, while ci trn te , under 

the sa.iro conditions, c ::i.usod n dr-:1.m:1 tic docroo..se with tho Oknihnu and 

Wninrokn soils. These two observations were expla ined in terms of n 

stcric hindrnnce effect for PGU, nnd nn increns0 in microbiel activity 

for citroto. Of tho five nnions studied, only 10-3M citrnto nnd 10-5M 

PGU removed significnnt amounts of Fe nnd .Al from tho soils. .A very 

close relationship wns ostnblishod between the reduction in the nmount 

of ndded P sorbed nnd tho noounts of (Fe+ Al) r omovod froo tho 
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Okc.ihc.u soil by increa sing concentro.tions of citrnto . This indic::tes 

trot the reduction in P sorption results primc.rily from the elimim.tion 

of ~ significnnt number of sites r nther th~n from n direct specific ad­

sorption of citr:i..to. A similar interprotntion wns given to explo..in tho 

competitive effect of PGU. 
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MATERIALS AND METHODS 

Soils 

Horizons developed from Egmont blnck lonm (BC) dovoloped 

from andositic tephr n , lva.i nr ekc. clciy (B1) deve loped fro ra wea thered 

basaltic tuff , Obihnu gravelly clc.y (B2) developed frori deeply weather­

ed olivine bnsalt, o.nd Porirun fine s nndy lonn (B1) l ar gely developed 

from greywncko-derivod so.nds , were obta ined f~om t he refe r ence sitos 

for these soils (N.Z. Soil Burenu, 1968 ). The fou r soils were chosen 

because of their range of components which a.re potentia lly important in 

determining the a.mount of inorganic phospha t e (P)'· sorbed by soils. The 

soils wore a ir-dried a nd mD. t erinl passing t hrough~ 2 ram sieve was used 

for all analyses . 

,An.ion aol,utions 

Fi w inorganic nnd or ganic anions susp) c:tod of showing a 

r ange of specificity for sorption sites in s01ls woro-usod i n P sorption 

nnd desorption studies . Those wor e nitrate ( N0
3
- ), sulphnte ( so

4
2- ), 

bicnrbo:nnto - ( HC0
3
- ) , ci trn t o , and polygnlc.cturonnte ( P' U- ) • For nil 

exporinents, e.nion solutions wore ppoparod using tho sodium Sl1. l t :md 

tho concentra tions used wore npprox,inntely oquiva lo nt to the concentr~­

tion ranges reported for these a nions in tho soil oolution ( Burd o.nd. 

Martin, 1924; -Enton· e t al-., 1960; La rsen and WiddOlrson, 1968 ). For· 
- 2- -2 -3 -5 · N0

3 
nnd so

4
. , 10 , 10 ; nnd 10 M solutions, corresponding to high; 

intormedi nto, and low soil solution concentra tions were used; for citrate 

nnd Hco
3 
- , 1 o-3 and 10-5 1if solutions were used; and for PG U 1 o-5 and 1 o-7 M* 

solutions were used. 

SodiuI:J. porchloro.te ( 1 o-1 M ) was used as the support medium 

to mnintnin n constant ionic strength and to servo n.s o.n indifferent 

electrolyte . Phosphnto solutions of differing conccntrntions were prc-

:pared from disodium hydrogen orthophosphnte ( Nn2Hro4 ) • Sodium 

hydroxide or perchloric a cid were used to adjust the 'J)H of all solutions 

* The moloculnr weight (M.1·T.) of the polygnlncturonic o.cid pr-cpa.rntion 

used ra.ngod from 26,400 to 70,400. An M. W. of 50,00C wo.s nssumed 

in solution preparation. 
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to either pH 5.5 ( solutions nddod to Qk:Qihnu nnd Porirua soils); 

or to pH 6.5 ( solutions nddod t o Egr.1ont nnd Wninroka soils ) • The 

instability of Hco
3
- at pH values less thnn 6.0 prevented the prepnrn­

tion of a 10-3M Hco
3
- solution at pH 5.5. For this r eason HC0

3
- was 

used as a oonpcting anion only in studies with tho Egnont nnd Wninrokn 

soils. 

Analytical oothods 

Sorption of inor[sllnic Pin the presence nnd nbsenco of 

conpetine nnions was evnlunted by shaking duplicntc 1-g soil snnples 

with 40 o1 of sodiun porchlorc.te support nediun cont~ini:ng the appropriate 

anount of P nnd conpcting anion in 50-nl polycnrbomte centrifuge -tubes 

( Onk•Ridge type) 0a an end-over-end shnkor at 21 C for 40 hours. 

Af'tor shnki!'lt; the suspensions were centrifuged nt 15,000 r.p.n. nt 21 C 

for 10 ninutes and tho superna.tMt solutions wore passed through a 

0.1,-5 pn Millipore filter. An nliquot wns t:tlcon f or tho doterninn tion 

of diasolved inorganic P. Tho nnount of P sorbed was cnlculnted as 

the difference between P ndded nnd Pin solution after shaking. 

The levels of ndded P required to give a finnl solution P 

concentrotion of O to npproxirntely 10 p.g/nl vnried with each soil. 

Tho I.lll.Xinm additions of P us~d wero 3600, 2400; · 900, nnd 900 pg P/ g 

for Egnont; Okaihnu; Wniaroka , nnd Porirun soils; rospactively. 

futn for the sorption of P-by the fcur soils were evn.lunted 

using tho Lnngnuir adsorption oquo. tion, which cnn be written as follows : 

where X = 

K1 == 

K2 = 

X = 

nnount of P sorbed per gr/ill of soil 

o. constant relo. tod to the binding energy 

adsorption m xir:n.in 

C s:::: final solution P oonoentrntion 

Equntion (6) ~'lil be arranged to give: 

-1 + X 

(6) 

(7) 
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A plot of~ versus tJ gives n sorios of strnight lines ( hereafter 

) ( -1 ) referred t o c!S 11rogions" fro n which IS y - intercept c.nd K
1 

( intercept/gr ndiont) cnn be obt~in0d . 

Tho extent to which conpe ting nnions r educe P sorption 

wns detorr:ii ned f or onch soil using levels of e dded P corrospondine t o 

4o% of tho ndsorption Dr1.xi rnm of tho first t wo linc;ir regions given by 

the Lc.ngu~ir oqu~ti on. The levels of P o.ddod to the f om· s oils arc 

given in To.blo 1 on n p g/ g e . .nd a no1.'7.r bnsis . Anion solutions end P 

solutions of nppr oprint e c onccntro. tion wore o.ddod sinul t nnoously to 

duplim te 1-g soil sD.i:Jp le s with sodi un perchloro.to o. s tho support 

nediun. After n 40-hour shnki ng period , tho superna t nnts wore re-

covered and t ho c oncont m ti on of P in solution dcterDined . The 

nnount of P sorbod wns cnl culntcd o.s above . 

Tho extent t o which conpc ting o.nions dcsorb previously 

s orbed P wo.s dctcr r.rinod f or onc h soil by shnking duplicate 1- g soil 

s:::mples with 35 nl of sod iun p0rcl'l:l or n te · support ncdiun c ont o.ining 

the o.pproprio.to .::inount of P for 211r hours . A 50nl nliquo t of t ho 

nppr opri nto nnion sol uti on ;ro..s th en o. dclod nnd t ho tubes sh.1.kon for n 

further 10 hours , bef or e t ho c onc ontro. tion of P r ominine in sol ut i on 

was doterninod. 

Tho extent to which C ODI£ ting .:mions dos orb n .. ':. tive P 

fron eo.ch s oil uc.s dete r nincd by S!k.':.kine 1-g soiJ. snn ples with 11-0 nl 

of support nediun contc.ini:ne t he o.pproprio.to nnion f or 40 hours. The 

1:mount of P in t ho finnl s ol utio n W<'-S them doterDimd. 

In a ddition to P concentra tion; t he pH of all supel'-

natants was also mensured. The effect of pH on P sorpti on was de-

termined for ench soil by adjusting the initia l pH of solutions a dded 

to 1-g soil s amples with either sodium-hydroxide or perchloric a cido 

The additions of P used we1~ 1350, 450, 850, and 350 pg P/g for Egmont; 

Waiareka, 0kaihau, and• Porirua soils, respectively.. Following a 

40-hour shaking :i:eriod, the pH a nd P concentration i n the supernato.nt 

solutions were determined. 

Kinetic effects of P sorption in the presence and 

absence of competing a nions were determined for each soil at two levels 

of added P. Additions of P were 1400 nnd 3600 p g P/g for Egmont, 

60 and 500 p g P/ g for Wainreka, 200 and 900 pg P/ g for 0ka ihau; a nd" 

50 and 400pg P/g for Porirua. Anion solutions were added only a t 
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Levels of Padded to the four soils expres sed on 

n pg/ g soil ( or pg/ 40 r:il ) a nd n nob.r bnsis 

Level of ~ddod P for: 

* * * Region I Region II Region I Region II 

(pg/e; or pg/ 40 nl) ( - T ) h 

EGM0NT 200 1350 1.6 X 10-4 1 .1 X 10-3 

0KATIIAU 150 850 1.2 X 10-4 6. 9 X 10 -4 

WAIOREKA 60 450 5.0 X 10-5 4.0 X 10-4 

PORIRUA 50 350 4 .0 X 10- 5 2 .8 X 10-4 

*· 
For 4o% s aturation of the adsorption roxirun in enoh region. 

* 



. ( -2 - -2 2- -3" -their highest -concentration 10 M N0
3 

, 10 r.r so
4 

, 10 r-1 Hco
3 

, 

10-3M citrnte; and 10-5M PGU ). The appropriate amounts of P o.nd, 

c0mpeting anion were added in 2- ml and 5-ml nliquots, respectively; 

0, 1; 2; and 3 days after commencing to shake 1-g samples of each soil 

in 33 ml of sodium perchlorate support medium. Shaking was continued 

far a further 70 hours. Consequently, the total time of contact be-

tween P plus competing o.nion r 2..nged from npproximntely 70 to 140 hou.rs. 

The superretc.nt solution of cl 1 systems was recovered and inorganic 

P determined. 

The method of Murphy nnd Riley ( 1962) wns used for 

the determinn.tion of Pin all extracts and absorbanoe wus measured nt 

712 nm usi l1€ n Unicrun SP 1800 B Spootrophotol!lOter. Ci tr.:i. te a.nd PGU 

solutions did not interfere in tho colorimetric procedure at concentra-

tions less than 10-3M and 10-5M, respectively . The effects of microbi.2.l 

activity; however, were apparent with increasing tiim of conta ct between 

P a nd citr.:i.te or PGU solutions ( Tnble 2 . 1 ), the l eve ls of Pin solution 

showing <.1 • Ilk....._rked decre .'.'..se with time . Adeli tion of EgC12 ns [I ni.cro bial 

inhibitor, nt n conccntra.tion of 40 pg/ru; arrested this observed decrease 

in P levels ( Table 2.2 ). Interference frol':1 Hg2+ in solution was 

elimnnted by the use of a metcbisulphite- thiosulphnte reagent ( Tillonn 

and Syers, 1975) prior to P determination. Consequently, a ll experi-

ments were conducted in the presence of 40 pg HgCl/ru , added with the 

sodium perchlorate suppor·t: r:1ediun , to i.nribit nicrobio.l nativity. 

The amounts of iron (Fe) nnd nluniniun (Al) rer:1oved fron 

1-g s amples of each soil by conJBting anions in tho presence of two 

levels of ndded P during a 40-hour shaking period were determined 

colorimetricnlly by · the ferron orthophenathroline method of Rainwater 

and Thatcher (1960). Tne amounts of Fe nnd Al in ihe citrate extracts 

were determined after oxidation of the citra te by digestion with mro
3
-

H2so4, i gnition nt 450°c , nnd digestion of the residue in 0 .5Ir.HC1 . 

This method was also used to determine Fe and Al in the citrate super­

natants fron the P sorption kinetic study using the Wl'.in.rekn and 0ka.ihau 

soils. 

The r elationship between P sorbed and the aiilOunts of Fe; 

or Al , or (Fe+ Al) released from the 0knihnu soil in the presencG 

of citrate was determined by shnking duplicate 1-g soil so.nples with 
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Anion sys ten 
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Effect of polyenl ~c~uronntc (PGU) nnd citrnte on the 

colorinotric dotcrui mti on of inorg~nic P by the 

Murphy nnd Riley (1962) nothod . 

Millinbsorbnnce vnl ues of 

sol utions nftor 

30 ninutos G hours 40 hours 

2 pg P/50 Dl ) 205 204 202 

2 pg P/50 cl + 10-5M PGU ~ 10- 204 157 153 

2 µ g P/50 nl + 10- 3!'1 citm.iarnll 203 196 136 . _
5 

ce s 
2 pr; P/50 nl + 10 M ci irei:o) 204 203 203 

1 0 pg P/J) n1 ~ 103 102 102 

10 µg P/'50 1Jl + 10-5M PGU ) 1- 102 101 51 

10 pg P/50 Ill -,. 10-
3

M citrntei~: lls 103 84 69 

10 pg P/50 cl + 10- 5 :M citr['. te 103 103 102 
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TABLE 2 . 2 -~- Effect of po l ygn.l r.i.c tur onnt0 (PGU) o.nd ci t m to , in tho 

presence of 40 )lG UgC1
2
/nl, on the colorine tric d0terr:1_i_n Q­

tion of inorgn.nic P by the Mur phy o.nd Riley ( 1962) no thod . 

Anion systen 

2 p.g P/50 fll + HgC1
2 

2 p.g P/50 r.ll + HgC1
2 

+ 10-5M PGU 

2 pg P/50 nl + HgC1
2 

+ 10-3M citrntc 

10 pg P/50 nl + Hg C1
2 

10 pg P/50 nl + HeCJ.
2 

+ 10-5M PGU 

10 p g P/50 111 + Hg-Cl
2 

+ 10 ... 3M citmte 

) 
) 10-

~en 
cells 

) 

) 

l 1-
CD 

cells 
) 

Ilillin bsorbnncc v.:i.luos of 

s ol ut:ions a fter : 

6 h ours 40 hours 

205 

205 

203 

103 

103 

103 

204 

205 

204 

103 

102 

103 
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40 nl of sodium porchl0rn te containing O. a nd 850 )lg P nnd citra te 
0 - 1 - 2 - 3 -4 - 5 solutions of 10 , 10 , 10 , 10 , , 10 , nnd 10 M concentration. 

After n 40-hour srmking period; P; Fe, nnd Al wor0 detorr.ri.ned in tho 

supornntnnt solution follo'l'ring oxidation of citrn to ns described nbove . 

The extent to which citrnto reduced P sorption wns cnlculntcd fro n the 

difference between tho fin~l solution P concontrctions in tho presence 

nnd nbsenco of ndded P. 
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RESUL'IB AND DISCUSS ION 

A. Sorption of Added P 

The f our so,:lls varied appreciably in their ability to sorb 

cdded inorgo.nic phosphate (P). At t he highest levels •of P addition 

for e,'.1ch soil, Egnont sorbed 92% ( 3600 pg P added/ g ) , 0knihnu 82% 

( 2400 pg P added/ g ) , W.:ii arekn 62% ( 900 pg P added/ g ) , o.nd Porirun 

54% ( 900 pg P nddod/ g ) of added P ( Figure 1 ) • Vnrin tion in the 

ability of the four soils to sorb added P apponrs to be related to 

the amounts of certa in conponents believed to be inportant in esson­

tinlly controlling P sorption by soils ( Table 3 ). 

11.l though the Olmih.D.u soil hns n higher surfncc area and 

contains n considcrnbly greater amount of crystnlline Fe cor:iponents and 

nssoci~ted Al ( CDB-Al) thnn the Egnont soil, its ability to sorb P 

is not a s great . This 1:1.'.lY be duo to the gre-1ter araount of short-rnnge 

order Fe nnd Al conponents in tho "-1llophr.mic" Egnont soil. The 

ability of shor t - r:~.ngo order Fe nnd Al c onponents , including .:ilunino­

silicntes, to sorb ndded P is usu,'llly greater tlrn.n th..1. t of the crystnll­

ino a.nnlogues ( Gorbunov, 1959; Gnstuche et .ill.•, 1963; Fox et .Q-1.., 
1971 ) • 

In conpnrison with tho Egnont and 0ka.ihnu soils; the 

WGi c..rekn nnd Porirun soils sorbod nuch lower nr:iounts of P. The latter 

two soils contain so...,ller nr:iounts of both crystnl]jlne and short-range 

order Fe and Al conponents ( Tnble 3 ). Tho slightly greater ability 

of tho Wniaroka soil to sorb P, conpnred to the Porirun soil, nny be 

attributed to the higher clay content of tho forner ( 68% compared to 

15%, rospectivoly ). Becnuse tho soil coflponents thought to be -involved 

in P sorption nro themselves interrela ted (Syers.£.:!: .Qd., 1971 ), it is 

difficult to determne which components r:iake the largest contribution 

to the sorption of P by the four soils studied. 

When the s or ption dntn for the four soils arc plotted 

according to the Lnngnnir equation, described earlier, throe linenr 

relationships were obtnincd for each soil, suggesting tho existence 

of throe populntions of sites, each with n widely differing affinity 

for P. Figure 2.1 denonstrntos this rela tionship for the Wc.iarekn. 
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FIGURE 1 Isotherms for the sorption of added inorganic P by the four 

soils followi ng a 40- hour shaking period 

a Egmont soil 

b Okaihau soil 

c Waiareka soil 

d Porirua soil 



T/1BLE 3 

~ Soil 

Sone cho.rc.ctori st ics of the soils used:. 

Horizon Depth 

en 

pH ExchD.ngenble 

Al 

Crysta.Hine 

Fe 

CDB 

Al 

Short-range order 

Fe J,J. 

mJM/100 g -----=----
EGMOHT BLf ... CK LOAM BC 43 - 61 7 .1 1.03 21 78 

OK.LIIIL.U GRAVELLY CLAY B2 23 - 40 5.0 0.57 139 124 

WAUi.REK.L CL,'i.Y B1 17 - 30 6. 3 0.84 3.5 18 .9 

PORIRUL FI NE SL.1-IDY LOAM B1 20 - 33 5.0 0.72 7 .'5 10 

·--------· 
Det.:c for Eguont, Ok.1.i hr.::u , :md Porirun soils o.rc t c.kon froc.2 Ryden and Syers ( 1975) 

Dat::>. for Wo.ir.rel:c. soil wore obta.incJ. eL])loying oethods described by Ryden o.nd Syers ( 1975) 

Clo.y i:Jiner·c.logY ( as % of ( * 2 pn fro.ction ) 

Egnont : 75% c..llo:::i11c.ne , 25% gi bbsi te -

Ok1.ihnu : 53% gibbsi te~ 29% ko.olinite, 24% free Fe2o3 

Wa.ie.r eko. : 1 OCP/r, non t norilloni te 

Porirun : 33% intcr l a yered hydrous n ic n , 31% verniculitc, 17% kaolinite 

* fu k fron lfow Zenlo..nd Soil Bureau ( 1968) 

19.5 133 

5.2 18 

4.8 10.6 

3.3 5.6 

Total clny 

% 

41 

31 

f>8 

15 
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o.nd Poriruo. soils . Binding ener gy V-'.1.lues ( K
1 

) and. .o.door:pti on Il1'.1Xin.'";. 

( JS ) were c -::.lcufa tcd for region I ( strnight line plot c orrosponding , 

tc high ½ vri.lues ) fron ( gr:cdicnit'1 x inte rcept ) o.nd ( intercept- 1 ) , 

respectively. In order t o co.lculnto the K
1 

and K
2 

vo. lue s for region 

II it wo.s necesso.ry to subtrr'.ct tho adsorption ra'1xinru.m for region I 

( K2I) from ench of the x values f or tho do. t n points in region II. 

Figur e 2 . 2 shows n plot of r egi on II d::i. t n f or Wo.i nroko. ::r.d Pcrirun 

soils us ing corrected vnlues . ~ third reg i on is evident on the Lnng-

muir isotherm for l;eth scils e t i vn.lue s loss th."..n 0.3 ml/pg . Bcc.'.'.use 

region III corresponds t o r .:i. thor high finr. l solution P conce ntrntions 

( > 3, 33 p g P/nl ) , emphasis wns plo.cod on Regi ons I r..nd II in suc­

sequont studios . 

The ndsorption :oc.xi mn nnd binding onergy vnluos obtnincd 

for regions I nnd II f or ench soil a r e shmm in To.blo 4. For o.11 

soils , region I described o. relntively s nn ll populntion of sites hnving 

n high nffini ty for P, compa r ed to thn t of region II. The levels of 

added P used in subsequent experi ments corresponded to 4~ of the c.d-

sorption a'.1.xi LJUm f or en.ch region. It is o. ssumed tho.t nt this level of 

nddi tion most 0f the P will be sor bcd by sites hD.ving tho highes t 

nffini ty for P, with little sorption occurring i n o. reeion of lower 

nffini ty. This nppron.ch o.ppcnrs o.dvnnt o.goous in thrt t the nbili ty of 

o.n anion t o compete with P f or 30rption sites m.y be r e l .:i. ted to n 

particulnr regi on on the isothern having n r ensonnbly- woll defined 

affinity ( or binding ener gy ) for P. 

B. Sorption of Added Pin the Presence of Corapeting Anions 

As evo.luntod by P a dsorption isothe rm 

The extent to which comp:iting anions affect the P sorption 

chnrnc teristics of Egoont• Wniarekn , Oka ihnu, .--.nd Porirun soils is 

shovm in Figures 3. 1, 3, 2, 3.3, nnd 3.4; respectively. Only the 

highest o.nion concentrn tions were used o.s it wa s nssumed t},~'l t lower 

a nion concentrations would have less effect on P sorption. For the · 
-2 2-

Elgmont soi l ; the P sorption isotherras in the presence of 10 M so4 , 

10- 3M Hco
3
-, a nd 10- 5M PGU nre so similnr thct they plot -on the snme 

curve ( Figure 3. 1· ) . Sirailnrly, for the Wninreka soil , the iso­

therms for P nlone , 10- 2M No
3
- , ~nd 10- 3M HC0

3
- are plotted as one 
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FIGURE 2 .1 

a 

Iso the rms for the sorption of added inorganic P by 

Waiareka and Porirua soils obtained using the Langmuir 

adsorption equation 

a Waiareka soil 

b Porirua soil 
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FIGURE 2.2 

0 0·4 0·8 1·2 1·6 2·0 

1/c (mt/yg) 

Isotherms for the sorption of added inorganic Pin 

region II by Waiareka and Porirua soils using the 

Langmuir adsorption equation. Data replotted after 
I K2 was subtracted from each of the observed x values 

for region II. 

a Waiareka soil 

b Porirua soil 



TABLE 4 --· 

Soil 

EGMONT 

WAIAREKA 

OKAIHAU 

PORIRUA 

Adsorption n".xirn ( K
2 

) 0-nd bindin,g energy values 

( K
1 

) for inorgQnic P sorbed in regions I nnd II 

by tho four soils , co..lculnted frou the Lo.ngmuir 

a dsorption oquntion follmring n 40-hour shaking 

period. 

48 

Adoor~tion rnxin.'l (K) 
\ pe;/g ) 

Binding c.1ergy vo.luos 
( ;i!_/pg-· ) 

Region I 

709 

203 

459 

164 

Rogian II 

1736 

422 

1020 

339 

Region I 

197 

12.0 

Region II 

0.330 

2.50 

0.477 



FIGURE 3 Isotherns for tho sorption of added inorganic 

P by the four soils in the presence nnd nbsence 

of conpot ing nnions follouing n 40-hour shaking 

period 

Figure '3 . 1 EGmont soil 

Figure 3. 2 Wnfo.rek,1. soil 

Fi6-i1rG 3 . 3 Ok1:. i mu soil 

Figure 3. 4 Poriru.J. soil 

C. P 2.lone 

b 10- 2M N0
3
-

C 10- 2N SO 2-
4 

d 10- 3M HCO?:-
) 

C 10- 3rir citro. tc 

f 10- 5M PGU 
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- 2 2- -5 ( ) curve, o..s nro tho do.ti'. for 10 rt so
4 

and 10 IiI PGU Figure 3.2 • 

The sno.11 differences in the nnounts of P sorbod by tho two soils in 

the presence of these conpotincs nnions nt fino.l solution P concentrn­

tions of 1 and 4 p[)nl nre shown in Ta.Mo 5 , to indicate the very sroll 

differences in ,'.'..nounts of P sorbed . 

It is i onedin tely obvious th1 t 1 o-2H N0
3 
- , 10-2rir SO 

4 
2-; nnd 

10-3M nco
3
- h .'1.vo only :,. lini ted nbili ty to reduce tho nnount of P, sorbocl 

by the f our soils . This observntion is pnrticulnrly interesting; 

especinlly in tho c ::cse cf Hco
3
-; which is connonly beliGved to bo vory 

effective in r Gduc i :nt; P sorption by soils ( Na.cnrajnh _tl .91.., ·J 968 ) • 

As discussed earlier , however , these workers used Hco
3
- concentrntions 

( 1 o-2M ) tho.:!; wero rruch hi;;her tlmn th'l t nornnlly found under sli,-:;htly 

a cid soil conditions, cmd th .. '7.t used in this stud.yo 

I n contmst , 10-3IvI citrc. to proved to be very effective in 

r educinc P sorption by nll soils . This vms OSpGCinll y• tho CC!.SO for 

tho two soils studied nt pH 5D5 ( Oko..ihn.u nnd Porirun ), the reduction 

in -P sorption nt n fin~l solution P concentr o..t ion . of 5 JlG P/nl boinc , 

21 , 42 , 51 , o..nd 77% for EgnoYJ.t , '\1,,-,_i arelm , Oknihnu , ,'lnd. Porirun soils; 
- 5 respectively. Tho offcctivonoss of 10 M PGU in r oducinG P sorption 

wns riost notico:J.blo with tho Poriruo.. · soil ,'7.nd at low finnl sol ution P 

conco ntm tions with the Ok.'1.ihau soil $ 

II. At dot~d lov~l~ nddod E 

Tho nbili ty of co:.1poting nnions to reduce P sorption by 

tho four soils wCts studied usi1~ levels of added P oq_uivo..lent to IJ.o% 
of the adsorption E1..".xirru.n for reg ions I nnd II for oc..ch soil . The 

data. in Tnblos 6.1, 6. 2, 6 .3, nnd 6 . 4 shou tho finnl solution P con­

centrations following n 1).0-hour shnkinr; period of the soils with the 

specified levels of P and conpetinc nnionso The increnso in Pin 

s olution a s Ct result of tho presence of a conp3ti rl{; nnion is expres~ed 

ns n p)rcontnr:se of P in solut i on in tho absence of competi nc nnions .. 

Any increnso in P in solution nay be interpreted ns n decrease in the 

nnount of P sorbed by the soil~ It is inportnnt to point out, however, 

toot nt low levels of ndded P, n high porcentnec increase in the finnl 

solution P concentmtion does not necessarily indicnte n l nrge docrensc 

in the nnount of P sorbcd. 



TABLE 5 -

Anion sys teos 

10-2M so 2-
4 

10-3M r-rco
3
-

10-5M PGU 

Anounts of P sorbcd o. t fin .. '1. l solution P conccmtr,:,_tions 

of 1 a nd 4 pg/ril. by the Egnont soil in the presence of 
-2 2- -3 - -5 10 M so

4 
, 10 N HC0

3 
, :::md 10 M: PGU , . nnd by tho 

-2 -Wniarokn soil i n the proscnce of P nlone , 10 M N0
3 

, 
-3 - -2 2- -5 10 M HC0

3 
, 10 M SO

4
· , Md 10 M PGU; following n 

40-hour shaking p; riod. 

Anounts of P sorbcd ( pg/g· ) n t final 

solution P concentrntions 

1 pg/nl 

20~ 

1995 

2020 

of: 

EGMONT 

WAIAREK.ll. 

4 p.g/oJ.. 

2920 

2905 

2880 

P nlone - 2 - 262 435 nnd ~o M No
3 

10-3M HC0
3 

265 442 

10-2M so 2- 253 418 

10-5M 
4 

PGU 251 424 
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TABLE 6 - Effect of con:i;e ting .w io ns on the final solution P 

concentrntion uhen soi l s c,re sho..ken :for 40 hours 

with solutions contrcining both -inorgnnic P nnd nni ons 

56 

a t tho indica ted concontr~tion. mounts of nddod P 

correspond t o 4C% of tll0 .::tdsorption n.1.:x i L1.'J. of reg ions 

I nnd II of tho Lnngr:ru.ir ndsorption i sothorn. 



TABLE G. 1 

Anion systen 

Soil + p 

II ii ;i - 2 -
+ 10 M :rro

3 
II II II+ 10- 3M N0

3
-

II II II+ 10- SM N0
3
-

II II i i+ 10- 2M SO 2-
4 

II " II+ 10- 3M SO 
2-

4 
ft; II i i + 10- 5M SO 2-

4 
II II II + 10-3N HC0

3
-

II II II+ 10- SM HC0
3
-

II II II+ 10- 3M citro. te-

II II II -f' 10- 5H citr.::i. te 

II II II -t 10- SM PGU 

II II II+ 10- 7:r.r PGtr 

57 

P in solution following o.dcl i tion of : 

200 pg P/ g eoil 1350 pG P/ g soil 

pg P in solu­
tion por g 
soil 

0. 210 

0, 203 

0. 218 

0, 288 

0,398 

0, 382 

0. 273 

0,398 

0 , 203 

0, 920 

0,320' 

1 . 16 

0 .320 

% incrcn sc 
of Pin solu­
tion : 

- 3. 33 

3~60 

23 . 3 

70,1 

63 , 2 

16. 6 

70 . 1 

0 

293 

36 . 7 

396 

36.7 

pg Pin % incrense 
s olution of P i n 
per g solution: 
soil : 

6~77 

6,30 - 6, 94 

6, 98 2.40 

7.1 5 5, 00 

11 , 5 68 ,7 

7.93 16. 3 

6.70 0 

8 .96 31 . 4 

7 .34 7. 70 

29 ,8 3:56". 

7 , 60 11 . 6 

11 , 9 75 ,0 

7. 20' 5. 70 
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TABLE 6. 2 - WJ. i nr oka soil 

Anion syat en Pin solut ion fo llowing addition of . . 
60 p g P/g soil 450 pg P/g soil 

p g p i n so l u- % incr ense p g P i n solu- % incronso 
tion per g of P i n tion per g of Pin 
soil sol ution : soil . sol uti on : . 

Soil + p 2 . 44 86~6 

II II II+ 10- 2M N0
3
- 2. 32: - 5.00 86.4 0 

II II II + 10- 3M N0
3
- 2. 32 - 5,00 87, 2 0 

II ii II + 1 o- 5M }T0
3
- 2. 47 1, 63 86 , 6 0 

II II II -fJ 10- 2M SO 
2- 2.n 13 ,5 90 , 7 4. 72 4 

II II II + 10- 3M SO 2- 2. 47 1. 62 87 ~0 0 
4 

II II 11 -i' 10- 5M: so 2- 2 , 54 3,90 88 ,4 2 . 00 
4 

II II II -f 10- 3M HC0
3
- 2,07 - 15 . 2 81,8 - 5. 54 

II " II -¥ 10-5M HC0
3
- 2, 58 5. 52 87 . 2 0 

II " II + 10- 3M oitrnto 11 . 2 360 169' s, c;~ 5 

" II - 5 11 -It 1 0 M c i trn te 2,57 5,24 90 . 5" 5.,0,t 

II II 11 -1t 10- 5M PGU 2 . 66 9, 12 91,5 5. 76 

II 11 n + 10- ?M PGU 2.48 1. 80 8"1 . 6 0 



TABLE 6.3 -

Anion systen 

Soil + ·p 

" If "+10-2M NO -
3 

" II "+10-3M NO -
3 

" II n+10- 5M NO -. 3 

" n 11+10-2M SO .2-
4 

11 II ''-l+--10-3M SO 2-· . 
4 

II II -·'·'*1 o-5M SO 2-
4 

,If II • 11-ft-1 0-3M ci-tre to 

It ·" 11+10-5M ci trl'.te 

" IT "+10-5J; PGU 

ii tt · ~tO-?M PGU 
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Ok.:1.i hn.u soil 

P in solution following addition of : 
150 pg P/ g soil 850 p g P/ g soil 

pg Pin solution 
per g soil 

0.275 

0.265 

0,275 

0,386 

0~858-. 

-0.484 

0-!382 

1~6 

0~50 

2..89 

0.798 

% incrense 
of P in solu­
tion 

-
- 3.60 

0 

40.0 

21"2 

· 76-~0 -

39.0 

575 

O' 

950:: 

190 

p.g P in so lu­
tio n per g 
soil 

11~7 

12.0 

11~9 

12~0 

n~ 
1, ~Q'; 

1h3 

85,3 

13,4 

27,2 

11.9 

% incrons0 
of P in solu 
tion 

3,90 

1,92' 

3.00 

'[36 

45. 'f . 

0 

624 

14.6 

133 . 

1~92 
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Porirun soil 

Anion systen 

Soil + p 

" II "+10-2M NO -
3 

II II "+10-3M NO -
3 

II " 11 +10-5M NO -
3 

ti II 11 +10-2M SO 2-
4 

ti II u+10- 3M SO 2-
4 

ti " 11 +1 o-5M SO 2-
4 

" t1+10-3M citrntc II 
? 

n 11 ; 11+1 o-5 M ci trn te 

II " "+10-5M PGU 

ti ti "+10-?M PGU 

Pin solution following addition of : 

50 JlP-: P/g sail 350 u,g P/g soil 
~ , 

pg P in solution 
per g soil 

1!23 

1,23" 

1.19 

1 ,20 

1,59 

1.31 

1 ,24 

25.4 

1~1).2 

4.00 

1.36 

% incrcmsc of 
Pin solution 

0' 

(J 

Q 

29,4 

6.54 

0 

1937 

15.4 

225 

10.9 

pg P in solu­
tion per g 
soil 

54 ,2 

55,4 

55,3 

55,7 

63,2 

61.6 

55.9 

195 

63,4 

73.7 

61 .0 

% incrcns , 
of Pin 
solution. 

-
2,20 

2,00 

2,62 

18!4 

13,7 

3.10 

260 

17,0 

36,0 

12.5 
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Ll though no
3
- is r ol o.tiv oly ineffccti vc in reducing P 

sorption by the so i ls , two intcroscing obscrvntions u·w be n-:i.do fron 

the dnfa . Firsiy, fo r t ho Egnont soil at both l eve ls · of n.dded P 

o.nd for t he Ql,·'""1.iho.u soil o.t tho lower l eve l of o.dded P, o. sn.'111 but 

progressive increase in the f i n,._1. l solution P concontro. tion wa.s ob-­

to.inod 11i th ci. docrea :Je in NO
3 
- conc ont r .'.'.. tion fro n 1 o- 2 to 1 o- 5r.1. 

Secondly, i t wns observed that P sorption wci.s sl i g·htly cnho..nced i ~ 
- 2 -the presence of 10 J\'I NO

3 
in tho Egnont soil , n 7~; i ncrease i n solu-

tion P c oncontro.ti on being obtninod Hith nn c.ddition of 1350 p.g P/r; 

soil. 

Because , N0
3
- nnd H

2
Po 

4 
- a.re thought to be adsorbed by c. 

different nc chnnisn ; i. e ., non- specific for NO
3
- v ersus specific for 

H2Po4-, little direat conpotition for ndsor ,tion s ites should occu::-o 

Working with soils high in Fe ccoponGn ts , Hek['..ru nnd Uehnrn ( 1972) 

nlso observed tho.. t noro P wo.s sorbe d nt hi ghe r No
3
- concentro.tions o 

They showed t ha t increasi ng tho c oncentr.1.ti on of NO
3
- o. t pH vo. l ucs 

gro:i.tcr t ho.n the zero point of c mrgc ( '.1. :?. 0 • ) r esul tcd in a. lmro1·i:.' · 

of pH, which in turn incrcr:.sod P sorptiono RD.th.er th..1.n sugeeatin:.; 

tho. t this offcot ,ms pH controlled, Ryden o.nd Syers (1 975 ) dononstJ'.'o.-c: :'.. 

tho.t t he increase in P sorption r osul ting fron rm incronso i n ionic 

strength w.'l.s k incticnlly controlled o.nd tm t , nt oquili briun , thi s 

effect diso.ppec.red o This sug ·;cst s t h.J.t dif ferent uo
3
- concenfa·c.t i r•s s 

c .. ffcct P sorption only through tho rate nt which oquilibriun i s o:cco.~ :·. -

ed . 

- 2-In c ontra.st to uo
3 

, tho a bility of SO 
4 

to reduce· P 
2- t · sorption by t be soils decronscs with n decrcnso i n SO 

4 
conccntrn io:~ 

2 3 -5 2-( To.ble 6 ). In nost en.sos, 10- Jl1, 10- N, nnd 10 M so
4 

ar-3 no:;.· .) 

effective in r e ducing P sorption thnn No
3
- c. t equivnlent concent rntionso 

This is pnrticull'.rly noticeable for the EgD.ont nnd Olmihnu soils; mlcl 

( 2-
suggosts • D. direct conpotition for sites by tho t wo unions so

4
· mtl 

H~
4
- ), rnther than an ionic strength effect ( ns with NO3- )o 

Al though HCO
3
- hns been s nmm to be very cffocti vo in 

reducing P s orption by knolini to ( Nngnrnjnh et El•, 1968 ) tho 

results in Table 6.1 show tho.t 10-3M HC0
3
- is only o.s · offective as 

10-3M so.,, 2- in reducing p . sorption by tho Egoont soil., For tho 
r 

Wninr eka soil ( Table 6 0? ) P sorption nt both l evels of a.cldcd P wo.o 

enhanced in tho presence of 10-3M Hco
3
-. A possible reason for t his 
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is discussed l o. tor. In contra.s t, 10-5M uco
3
- h."d n very rru.ch smllor 

effect on tho c'.:Dount of P sorbed by both the Egnont a.nd Wo.inrcka. soil• • 

Those results suggest tlr. t the nbilj_ty of nco
3
- to reduce P sorption 

by soils under natur::.l conditions in not ns grant ns thnt suge-ostcd 

by Nngnr o.jnh .£! .91.. (1968) probo.bly bocnuso of tho high Hco
3
- concontrn-

tions onployod by those workers. Tho dn t o. obtained in tho present 

study nr o supported by tho work of Chon c t ill-.• ( 1973) who showed t hn-l; 
-3 -3.75 x 10 M :a:co

3 
hn..d littlo effect on P sorpticn by knolinito nncl 

¢-n.l ucinn . 

A vory n,rkod incre::i.so in tho firn l solution P concentrn­

tion wns observed with a ll soils nnd n t nll lovols of nddod P when 

10-3M ci tra.to wn.s present .:1.s the cov.poting l:'..nion . This wns espocinlly 

true for tho Olmihnu -o.nd Porirun soils. At tho lower citrnto con-

centra tion ( 10-5M ); howovor , there wns n mrked docronso in tho 

cffecti venoss of this a.nion to reduce P sorption by soils o In sono 

co.sos, nnd ~~rticulnrly f or the Wn.inrokn soil ; 10-5M citro. to wns only 
-5 2-n s offoctivo ns 10 M so

4 
• 

Polygnln ct ur om.to nt n concentr .:1. tion of 10-51-1 una c:ffoc ·~ivo , 

in reducing t ho sorption of F nddod o. t l ou lGvols t o tho • Egnont, Ok:2i.hnu: 

nnd Poriruo. s oils. In two cc.sos ( Egnont nnd Oka ihl'.u ), 10-5N P7-'TJ 

was noro effective in this regard t hnn 10-3M-citrnte n t low l ovol s of 

added P ( 200 and 150 pg P/ g , r e spectively ) ,. ·mis suggests th.·i:b 

PG·,U ha s the groo.. tost effect on sorption sitos possessing n high 

affinity for P. In contrast to tho dntn obtninod for the other 

soils; P sorption by the Wo..inrokn soil W/:!.S li ttlo nffoctod by 10-5N 

PGIU. It is i nportant t o noto, however , th.1.t with all soils, 10-5M 

PG,U is considornbly moro offecti vc in reducing P sorption thnn 10~SM 

ci trnto. 

It is of interest t o conpnr e tho ability of anions to 

reduce P sorption by the f our soils when the lovols of added P and 

nnions a rc conpo,red on c nolnr bnsis. Tho molar concentrations of 

nddod P, corresponding to 4o% saturntion · of tho adsorption mxir:run 

of tho two regions, nre g iven in Tnblo 1. It is clear fron tho dntC1. 
- 2-in Table 6 thnt N0

3
, so

4 
,and Hco

3 
have lit~le effect on tho nnounts 

of P sorbcd by the four soils when tho en ncontrn tion of the cotirc ting 
2-

anion is equa l to or lower tmn tho.t of a dded P. Also, only so4 
shows o. signif ic;,,,nt conpcti t ivo affect at n nuch higher concentration 

( 10-2M) thnn that of P 0 In contrast to citrate, which is effective 
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i n r educing P sorpti on a-!; concontr'<. ti ons ( 10-3r1! ) oqunl to or grcntor 

th:,_n thnt of .:cddod P, 10-5M PGU is offoctivo i n r educ i ng P sorption C'. t 

concentrntions l oss thc".n thnt of o.ddod P. This obs ervc.tion ngnin 

indicntos t hnt PGiU possesses n grea ter o.bili ty to r educe P sorption 

than oquivnlent concontrnt i ons of citrate . Tho npprocia.blo Emounts 

of P sorbod in tho pr esence of tho highest concentrations of ci tratc 

nd P""T ( o-3,~ -5a • ) n ; ~ 1 h r,nd 10 ii, respectively dono nstrc. to, however, the 

high o.ffini ty of P for sorption si tos, c onpo.:red with tho conpeting 

anions. This probc.bl y r eflects tho strengt h of tho coval ent bond 

f or ned durin0 the s pe cific a dsor ption of P nt n conponent surface . 

Tho extent to which c.dded .:mions nffoct tho fin'.:'. l solution 

pH of tho four soils i s dotorninod by tho l evel of a dded P .and the 

concentrati on of tho conpoting nnion initinlly a dded ( Table 7 ). 

I n genernl; tho fino.l solution pH increases with nn incro:ising concontrn.­

tion of P o.nd conrcting anion nddod. Tho slightly higher pH vnluos 

obtnined in•P sorption studies fro• solutions conta ining 10-2M s0
4

2-
-3 - - 3 -5 10 M IIC0

3 
; 10 M citro. to , r,,nd 10 M PGU IJ.:J.Y bo n ttributed to the 

spo cific a dsorption of tho so onions ( Rings ton .£i .Ql., 19 67 ) ; with the 

nssocintod r onov nl of pr otons fron nnd/or r olenso of hydroxyls to 

solution. Sinilnr f i ndi ngs h::i.v o boon r eported by Toth and Benr ( 191-7) 

nnd Colon".n and Mohlich ( 1948). The diffcronco in pH betwoon fiml 

solutions f or n p..'1rticula r soil at n. given level of 3.dded P o.nd con­

taining different ruu.ons; hns been lini tod to 0.3 to 0.4 of a pH unit 

by a djus t ing tho pH of tho solutions added initia. lly to 6 .5 ( for 

Egraont nnd Wo.i nr olm soils ) or to 5 . 5 ( for Okni h.1.u a.nd Porirun s oils ) ; 

these ~luos nppr oxi mte tho pH vn. lues of tho rospoctivo soils.· This 

enables n better conpc,..rison of nnion effeets , .J2£E,.§£; without serious 

conplicntions a.rising fron pH difference s; a t loo.st f or three of the 

four soils usod, ns discussed below. 

Tho fonsibility of co npc.'1. ring P sorption dnt n. when the pH 

vnlues of the finnl solution differ by 0.3 to 0.4 c~ n unit my be 

dotornined fron the relationship between finnl solution P concentra-

tion and pH ( Figure 4 ) • The plot for ench soil wns established for 

one level of ndded P ( corresponding to 40% of the ndsCXI:'ption nnxir:nm 

of region I] ) • It is clonr trot for tho Egnont, Oknihnu; nnd 

Porirun soils; nny increa se in solution pH will r e sult in n slightly 

higher finnl solution P concentra tion. For exanple, .1.nions whi ch 
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Sai..l 

EGMONT 
. ~ ,""t 

WAIAREKA 

0KAIF..AU 

PORIRUA 

Effect of o.nions in tho pre sence of vo.rying levels of added i ;.1orgc.nic P on the fiml s olu tion pH of t ho 

supernc.tants of tha four soils recovered following a 40-hour s }1.D.kin..[;• pe riod., Solutions ndded t o 0kni hnu 

o.nd Porirun soils were ini tinll:y- a djusted to pH 5o5 ~ whereas thCE e £,dded to E$"nont end Wniareka soils 

were adjusted to pH 605 

Level of added SUpe r nn.tnnt pH VQlues in the p".'G sence of . . 
p P a lone 1'Titrnte Sulpl1.nte Bic-.r bomto Ci t r ec te - ~ - ... 

( p g P/g soil ) 10-2M 10-3M 10-? ll'I 1 c":"2rir 10-:--311 · 10~5N 1 o-3r-'.I 10~-5M 10-:-3M 10~5rr 
0 6.06 6. 11 6.10 60 17 6.14 6011 6~ 20 6.18 6 c41 6.:,22 

200 6 . 11 6., 10 60-i? 6.12 6.29 6021 6.11 6;,21 6~ 19 6.61 6.21 
1350 6.17 6 ,,29 6027 6.21 6.33 6027 6.21 6031 6. 29 6.60 6 .. 23 

0 - . 5.98 5.98 6.00 6.04 6002 6.,00 6.08 6.00 6; 12 6.03 
60 5.96 6c0(J 6.00· 5.99 6 .00- 6.07 6.01 6.12 6;06- 6~ 19 6.0.9 

450- 5.92 5.95 6.00 5.99 5.99 5.97 6~02 ; 6.,.20 5.99' 6.10 5.96 

0 4-~ 4.,89' 4o82 5.17 5°09 4c89 ..... - 5.22 4.85 
150 4.88 4.86 4.;85 4.86 5.14 5o02 4.88 - 5.; 18 4o90 
850 4.97 4.92 4.90' 4 .. 90' 5.17 5.02 4.98 5.21 4.96 

0 4.63 4.65 4.65 4.74 4.,70 4 .. 68 ... 4.66 4 • .60 

50 4.61 4.75 4.79 4.75 4.,86 4.75 4.73 - 4.70 4;64 
350 4.62 4.60 4.70 4.73 4.76 4. '7(J) 4.'l(J; - - 4.72 4.70 

Po l~{F·lo..c tu:;_• •. ono. 

10~5M 
- , 

10. · :-1 

6.24 Gg "i 9 

6;,30 6. 19 

6.29 6~ 19 

6.01 5.97 

6.04 6.00 

6.00 5.98 

5.,27 4;.90 

5~20 4.88 

5.17 4-99 

4.92 4.68 

4.91 4.70 
4.87 4.71 
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C 

~b 

~a 

4·0 5·0 6·0 7·0 

pH 

Relationship between final P concentration and pH in 

the supernatants of the four soils folloving a 40-hour 

shaking period • The levels of added inorganic P for 

Egmont, Okaihau, Waiareka, and Porirua soils were 1350, 

850 , 450, and 350 ug/g soil, respectively; these 

correspond_ to 40% of the adsorption maxima of region II . 

a Egmont soil 

b 0kaihau soil 

c Waiareka soil 

d · Porirua soil 
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incroa.so t ho supcrnr,tant solution pH by 0 . 3 of n unit -o.t tho highest 

levels of P ndtlition ( P. i cur e 4 , Tn.blo 7 ) co.use n 1,1r , 20; nnd 6% in­

crens0 in thc -fino.l solution P concentra tion for F,g• ont, Ok~ihau , a nd 

Porirun soils, r espec tively . This suggests thci.t tho conpcting nbility 

of nn nnion proQucin~ such n higher pH ~~Y be sliGhtly oxngger n tod . 

Fo.iluro to liJJ.i t pH differences in studios reported i n the li tor,:i. ture 

r.1t1.ko s intorprot::.,t ion of t ho dnt<1. obt:,inod virtu.:i.lly i npossiblo . 
, 

I n contr::i.st, tho \'lnio.rolm soil showed n srorp decrease 

in fino.l solut i on P concontr c. tion with rm incronso in pH . Tho con-

trnsting beha viour of the Wai nr okn soil in this rognrd i s difficult to 

oxplnin o.lthouc;h it is possibly o.ssoci:1. tod with tho chonica l trn.nsforu!J.­

tion or doco nposition of nontnorillonito suspensions with tioo , .'.lS re­

ported by Brown cmd Miller (1971) nnd Steinberc: .£!.fl!• (1974) . The 

effect of pH on tho finnl solution P conc<mtr[), tion obt£'. inod uith the 

Wa i a rokn soil rny l a r gely oxpln in the pntt orn of P sorption by thi s 

soil in tho presence of conpot i ne nnions ( Tnble 6 .2 ) • It nppcnrs 

tha t tho enhanced P sorption in tho presence of 10- 311 Hco
3
- i:3 a rosu l t 

of the pH incre~se ( 0 . 28 of o. pH unit, producing n 1~ docronso i n 

finnl solution P concontr.". tion ; ( Figure /1r, Tr'..blo 7)) . Sinil:-irly, 

tho lini tod nbili ty of c o1_1pot ing .:mions , in gonor n l, to r educe P 

sorption by tho Wo.i nr ok~ soil n.,y be partly nttributed to the effect 

of pH on P sorpti on. Any i ncroa ao i n pH caused by the presence of 

anions JD nds t o nn ovorcstirn tion of the nnount of P sorbed by tho 

Wa i arokc". soi l -'.".nd nn undorcstino.tion of tho conpot i ng ability of thnt 

anion. 

The results, thoroforc, suggest thnt pH chnnges have n 

r a. ther sm ll e f fe c t on the P sorption do.tn obta ined f or throe of the soils . 

The mgnitudc of such chnnges-rrus t be evaluated when considering the 

c onpetitive ability of nnions, ns shown by the dnt n obtained for too 
Wniarekn soil. · 

c. Desorption of Previously Sorbed Added P a nd Nat i ve P 

The extent to which cor.peting anions are abl e t o desorb 

previously sorbed ~dded , P fro n - the four soils is indicnted by the datn 

in Tnbles 8 .1, 8. 2, 8 .3, a nd 8 . 4 . Tho ability of the various anions 

to desorb P previously sorbed in 24 hours cnn be interpreted fron the 
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Effe ct of c onpcting o.nions on the finc.l solution P 

c oncentr Qtion when soils ,, re shnken with inorgnnic P 

for 24 hours , cou~ti ng c.mions nddod nt the o.pproprfo.b 

concentr[~ tion, ::md sho.kinr5 continued f or n further 40 

hours. .Anounts of ndded P correspond to 1~0}6 of tho 

o.dso r ption n.1.xin_1. of regions I and rr of tho Lnnenuir 

adsorption isothern. 
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TABLE 8 . 1 Egnont soil 

./1.nion systcn P in solution followi:n,;- a.dc1..i tion of : 

200 pg P/ g s oil 1350 pg P/g soil 
------ --· 

pgP in so ln. % incroe.se of F pgP in soln. % incro ..... so of 
per g soil in solution over par g soil Pin solution 

th.'1t after over th.'."1. t .:ifter 
2;t hr* 6-4 hr* 2,t hr* 6 lr hr* 

Soil + p (24 hours) 0. 323 9. 46 

" " ti (64 hours) 0. 242 5.01 -· 
11 t l t1+10- 2M NO - 0 . 219 - 32,1 9, 5 4 . 99 - 47,2 0 3 -
" " "+10- 3M NO - 0. 203 - 37 ,1 1?, 1 5,56 - ,~0 .1 7~5 3 

" " "+10-5M NO - 0 . 234 - 27 ,5 . ,·.:-; 4.86 - 48 ,6 - 3,0 3 -2 2-
11 " 11+10 M so

4 0 ,429 32,8 71 ,0 9. 68 2, 39 87.3 

It ti 11 +10- 3:r.r so 2- 0. 281 - 13 , 0 12,0 6.73 - 2e.8 30 . 2 4 
II II "+10-5M SO 2- 0 . 219 - 32 . 1 - 9.5 5,58 - 41!'0 7.~ 

4 

" " "+10- 3M HCO - 0. 257 - 20,4 6,0 5!'73 - 39 ,4 10 .7 
3 

II II 11 +1 o-5M HCO - 0,234 - 27 . 5 - 3. 3 5. 4-1 - 42 .8 5. 0.5 3 

" II 11+10-31'! citrate 0.7.,,,9 132 199 21 ,8 131 322 

II II 11*10- 5M ci tmte 0. 249 - 22 . g- 2. 0 6!'10 35 ,5 17,9 

" " 11+10-5M PGU 1 .01 206 · 303 9,73 2.89 86,0 

" " 11+10-7M PGU· 0.367 13 . 6 50 .0 5. 94 - 37 . 2 15.0 

* Datn for soil+ P alone nt tho npproprinte t i ne . 
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TA.BLE 8 . 2 - W0.i['.reko. soil . 

Anion syston P i n solution f ollowing c..ddi tion of : 

60 p.g P/g soil 1-20 ug Plg soil 
> 

pg p in soln. % increc..se of P )lg P in soln. ~ incrense 
110r rr soil : in so l ution over per g soil of Pin soln. 

thn t ;,ftor OV'Gr th.nt 
nfter : 

2/lr hr* 6,t hr* 21). hr* 64hr* 

Soil + p ( 2!J. hours ) 2. L1r6 - 95 ! 1 

" II II (6/1r hours ) 2,02 - - 78,3 

II II II +10- 2M No
3
- 1 . 98 - 19,5 - 1,90 78,9 17.0 0 

II II 11 +10- 3M NO - 1 . 99· 
-- 19,1 - 1, 40 78,4 17.5 0 

3 
II II 11 +10-5M NO - 1,96 20 ,3 2,92 78.5 - 17 .. 4 0 

3 
II II II +10-2M so

4
2- 2.1 2 - 13 ,8 3. 91l 8 1,3" - 14,5 3. 60 

II II ;i +10- 3M S0
1
2- 1.99 - 19.1 - 1.40 78.3 - 17~5- 0 

' r 

II II ti -+-1 o-5M SO ,1 
2- 2 .00 - 18 , 6 - 1.02 78 ,8 - 17 .1 0 

T 

II II 11 +10-\1 HCO - 1.64 
3 33,3 - 18.8 72.2 24.0 - 7. 72 

II II II +10- 5M HC0
3
- 1.90 - 22 .7 - 5. 91 78.8 - 17.1 0 

II II 11 *10-3M ci trnte 8 .27 235. 305 _ 151 58 ,7 92 ~0 

II ll II +.10-5J ci tra.to 2.06 - 16 .G1 . 1,94 79.~ - 16!1'. 1,56 

II II 11 +10-5rir PGU 2 , 4 1: 2,0 17,7 79,9 - 15~9 1.10 

II II 11 +10-7 rir PGU 1~96 20.3 - 2.92 78 .'3 - 1706 0 

* Dat a for soil+ P alone nt nppr opri nt e tioo. 
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TABLE 8 . 3 -- Okniho.u soil 

.Anion system P in solution following nddi tion of . . 
150 µB: Pl,1 soil 8~0 ~ P/~ soil 

pg P in'soln. % increase of p )lG P in sdln. ~ increase of' 
per g soil in soln. over thnt per g s oil : p in solno 

nftor : ovGr thnt aft er . 
2!.. hr* 64 hr* 21,. hr* 64 h.r* 

Soil + P (24 hours) 0 , 376 - 1/1r ~5 - -
Soil + P (6,l hours) 0 .1 34 - 5.92 ... 

II a 11+10- 2M NO - 0 . 129 65 . 6 - 3! 71 5! 92 .J39--•2 0 
3 .,, 

II II 11+10-3M N0
3
- 0 .1 00 - 71 . 2 19 . Ir 6,02 - 58.5 0 

II II 11+10- 5M NO - 0 . 108 - 71 .2 19 •/lr 5 . 95 - 5990" 0 
3 

II II 11 +10-2rir SO 2-
4 0 . 309 - 17 ,s 131 12,2 -15,9 97 95 

II II 11 +1 o-3M SO 2- 0 .1 29 - 65 , 6 - 3,7 9,31 -35,8 50 . 5 
4 

II II 11 +1 o- 5M SO 2- 0 .129 - 65 . 6 
4 - 3 . 7 5,98' -58.,8 - 1.00 

II II "+10- 3M citr,:,, tc 1. 45 28Er_ 984 29 . 6 97,0 377 

II II 11-!t 1 o- 5 M ci trn. tc 0 . 107 - 71 .5 - 20.1 8 . 91 - 38 . 6 ~-4 .,0 

" " 11 -+'10-5M PGU 0.60, 60.9 315 . 1L',- .9 2 . 55 141 

" 11 1'+10-?M PGU 0 . 129 - 65 . 5 - 3.7 5 .88 - 59.4 0 

* Data for soil+ P nlonc ~t npproprinto tinee 
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TABLE 8 . ~- Poriruc. soil 

Anion systoo P in solution following 2.ddi tion of . . 
50 µg P/ g soil 220 llG; P/._e_ soil 

• " pg P in soln. % incr00.s0 of p p g P in so ln. % incrc::1.se of 
per g soil in so ln. over th::i. t per g soil Pin sol n . 

nfter : over tha.t nft or . 
24 hr* 64 hr* 2~- hr * 6tr hr* 

Soil + p (24 hours) 1 , 43 61 .8 

Soil + p (64 hours) 0.726 - 42.0 

" II " +10- 2M NO - 0.126 - f1r9 e4 0 t1r 1.8 - 32 , 4 0 3 

" II 11 +10-3M NO - 0!685 - 52 .1 - 5. 64 41 !8 - 32,4 0 
3 

II II 11 +10-5M NO - o , 685 - 52.1 - 5 . 64 42. 4 - 31 -4 0 
3 

II II II -1-11 o- 2JVI SQ 2- 1 • 18 17 ,~r --;5!0 48 .8 - 21,0 15 . 0 
tJ. 

II II II +10-3M so,1 2- o , s o7 - 43 .6' 7,20 45,4 -26,5 7!'23 
-r 

II II 11 +1 o-5M so 2- o,685 - 52 .1 - 5 . 64 /1r 1 e3 - 33 . 2 - 1. 66 
4 

II II 11 +10-3r1 ci tr.'.:'.fo 21,5 1409 2755 183 _ 196 333 

II II -5 11 +10 M citra. te 1.20 - 16 . 1 58 .7 46 .1 - 25 !4 8 . 94 

II II 11 +10-5M PGU 3 . 25 128 332 _ 50,3 - 1896 18 .8 

II II 11 -r10- 7M PGU 0 .806 - ,n .6 7 .1 2 41.8'. - 32 .4 0 

* Dntn for soil+ P a lone c.t the npproprinte tim . 
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incrcnse in the fim>..l solution P concentr.:i. ti on ['.S n • percentnge of tln t 

obtained in tho nbsenco of coupcti ne; nnions. Also, tho porcontnge 

incronso in P in solution in tho presence of conputine nnions is CCLlculn tod 

ns a function of P in solution when o.dcled P is smken iri th the soils 

for 64 hours in the cbsonce of nnions . This, o.lso r eflects the extent 

to which conpeting n.nions affect the continued sorption of P in tho 

40-hour period following tho she.kine of soils with P ~lane f or 2t;.. hours . 

For nll soils mid nt nll levels of ndded P, in the absence 

of coupo ting nnions , it is interesting to note n stondy dccrensc in the 

fincl solution P eoncentro.tion with incrensod tino of shnking fro u 24 

hours ( To.blc 8 ), to 40 hours ( To.blc 6 ), nnd to 64 hours ( Tnblc 8 ). 

It is possible toot an e.bsorption roD..ction involving diffusive ponetr.'.ltion 

Evnns nnd Syers, 1971 ) .'.'.Ild site rcccnorc~tion ( Syers nnd Willinns; 1975 ) 

is responsible for tho continued reuovnl of P fro n solution. 

Zero or positive vnluos obt~ined for the incrensc in Pin 

solution between 211r ~nd 64 hours when conpcting ::mions o. rc present 

( Tn ble 8 ) indicn. tos th.1. t the o. bili ty of n conpeting anion to desorb 

previously sorbed P overrides tho ability of t he soil to r enove P fron 

solution during this tir::-~, as occurs in tho nbsence of nnions. At nny 
- 2- -concentro.tion, No

3 
;so 

4 
, n.nd rrco

3 
showed: o. J.ini ted nbili ty to desoro 

previously sorbed P fron the four soils studied, l'.nd, in nost cnses, 

continued rcnoval of P fron solution wns observed in the presence of 
-2 2-these anions• The exception w2.s 10 M SO 

4 
which desorbed D.. sroll 

but signif ic0.nt nnount of P fro n the Egnont soil but only nt the lower 

level of P addition ( 200 pg/g ). This suggests thnt the nbility of 

so
4

2- to desorb Pis largely deternined by n concontro.tion f nctor. 

Polygalncturomte nt 10-5M-was effective in desorbing previously sorbed 

P fron tho Egnont, Okn.ihnu, nnd Porirun soils, but only nt tho lower 

levols of P addition. Tho nbili ty of tho Wninrekn soil to retain 

previously sorbcd P ago.inst desorption by conpct i ng anions , other th .. 'l.n 

10-3M citrnto , is difficult to understcnd. It is possible tl:nt Pis 

sorbed by polyncric hydroxy nluniniun located in tho interlayer spnce 

of nontnorillonite in this soil, nnd in this forn is l a rgely protected 

fron desorption by tho anions used, other thnn citra te. Conplexing 

of Al fro n intcrlnyer polyncric hydroxy o.luniniun by citrate could 

lend to-desorption of P. Although PGU can c onplex nluniniun ( discussed 

lnter ), the very nuch gree ter size of the PGU polyner could procludo 

entry of this anion into the interlnyer space nnd hence little P cnn 

bo desorbed. 
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- 3 . 
In contro.st to those four anions, 10 M citrate wns very 

effective in dosorbing previously sorbed P fro n nll aoils nnd o.t an 
l evel s of ndded Po Tho incrcnso in Pin solution i n tho presence of 

10-3M citra te, expressed ns a porccntngo of tho final solution P con­

centration obtained in tho ,"'..bsonco of citr2.to and nt tho lower level 

of nddod P was 132, 235 ; 286, and 1409% for Egnont , Wniareko., OkL1ihuc. , 

and Porirua soils , respectively. Tho nbility of 10- 3M citrnto to 

desorb previous l y sorbed P fron the Porirun soil is consi stent with tho 

earlier obsorvnt ioYl tho.t citro.to is co.p:1b l 0 of significo.ntly reducing 

the nbility of this soil to sorb nddod P ( Figure 3. 4 , Tnrlo 6.1 ). 
With tho Porirun. soil , 10-3r1 ci trn tc desorbcd 41 nnd 42% 0f the P 

sorbcd in 24 hours when 50 and 350 pg P wore nddod/ g soil , respcctivoly;­

thcso va l ues corre spond to nn incrcnsc in Pin solution of 1409 nnd 196%, 

respective l y ( Table 8 .4 ). 

The rcsul ts i n • T::i.b l o O suggest tht•. t the nbili ty of nnions, 

other trum ci t m tc c.nd PGU , to rol onse previously sorbod P undor condiu 

tions . sinilnr to thos o 0;: is t ing in tho soil so lution of we:-..kly acid 

soils , hns boon overestin'l.tod in previous studies . This is pnrticulo.rly 

tho c.:i..so for HC0'7. -; which hrts been shc,m by Nngo.rn..jnh .£.1: ~ .. ( 1968 ) o.nd 
:> 

Evans nnd Syors ( 1971) to be vory effective in dosor bing P fron soil 

conpononts nnd soil so Tho high concontro tion of Hco
3
- used ( 1 o- 2N 

-1 ) nnd 10 M, r espectively , often in conjunction with high pH vnluos 

( n pH cf 9 .5; Evans and Syers ( 1971} ) nrc only relevant to soils 

which hD.vc n very licitod distribution. Tho prosont study lms sho1<::.1 

thQt nco
3
- is virtunlly ineffoctivo in dosorbing sor bed P under t ho 

conditions used. It is i mportant to cnphnsisc the grea ter nbility of 

10-5M-PGU thnn 10-5M citrnt e to desorb previously sorbod P fro n nli 

soils. 

The extent to which competi ng anions nffcct the finnl 

solution P concentra tion in the 40-hour period following -t)lc prcvioun 

shaking of soils with P nlonc for 24 hours , i s nlso sho~m in Table 8 . 

In controst to the dntn in Table 6, where an increase in Pin solution 

in the presence of conpot ing anions r esults fron n di~ect conpotition 

for s or ption sites, any increase in Pin solution in this 40-hour period 

( Tnblo 8 ), r e l ative to tho Palone syston , my rcsult, fron the desorp­

tion of P sorbed in the previous 24-hour shnking period , c.s well ns 

fro n a reduction in P sorption during tho 40 hours which occurs in tho 
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presence of conpoti ng n.ni ons . . Although tho ~ i ncroc.s0 in P in s olu­

tion in tho pros once of SOL' 
2
-, ci trn. t o , rmd R.~- i n t h is LtO.-hour period 

r 

n.'ly be equnl to o r grco.. t or th..1.n th-'.7. t when P nncl. conpetinr; ::,nions a.re 

a dded sirrulto.ncously t o tho soils and. sh.::ckon f or 40 hours ( Tnblo 6 ), 

tho increa se in tho soluti on P ccncontrr..tion in tho presence of cmions 

is o.l w.'.lys gror1. tor i n tho l -1. t t or sys ton . This suggests thn t the P 

sorbod in tho ini t i nl 24- hours is hold s o strongly thnt desorption by 

c onpoting ;:mions i s restricted. 

At tho l ower leve l of P nddi tion tE) tho four s oils , 

o.nd i n tho presence of 1 o- 2
, 1 o- 3 , nnd 1 o- 5r-1 N0

3 
- , it is interesting 

to no te c, docree>,sc in tho fi112l so lution P concontr-,_tion co2p,"..red with 

thc.t for soil+ P o.. l onc after 64 hours . Tho continued P sorption 

observed in the presence of N0
3
- solutions dcr,onstrn tos the innbili ty 

of N0
3 

to co npeto with H
2

P0
4
- for sorption site s . Tho effec t of 

incrensi ng N0
3
- concentra tion on P s orption i s c onsistent with G,..,rlicr 

observntions ['..nd is interpreted as nn i onic strength effect , n.s r eported 

by R·,rdcn :,_nJ. Syers ( 1975) • For the W,". i o.r oko. s oil , t ho l :i.r go dec1~e:c>.se 

in t he finc.l sol ution P c oncontrn.t ion i n tho presence of Hco
3
- SUGcosts 

t h,t nco
3
- cloo s not desor b P or i nterfere with continued P sorption 

during t he: ti:ri.o intorv.--il cf -2;- to 64 hours . Thin cr..n be oxpl'.:'.inod 

by a pH effe ct ( Figure 4 ), di s cussed pr eviously . 

Dat.-, for tho de s or pt i on o f n::.t ive P fron the four 
2-s oils by the nnions nro presented in Tnblc 9. Only so4 , citroto ; 

and PG-t; nt t ho highes t concontr::1 tions used wore c2. p.1.bl0 of r enoving 

nntive inorgnnic P fron the soils , tho nuounts r onovod by e .::ich - ::mion 

vn.rying be tween soils . With the exception of the Egr.:.ont s oil; 10- 3N 

citrnto rooovcd nor8 P t han did 10- 5r-r ~U, which in turn ronovod oorc 

P than 1 o-2H SO 
1

2- • The totnl P contents of t ho s oils used in this 

study, n s published in Now ZenlD.nd Soil Bureau Bulletin (1960), -nre 

167, 152, 45, -o.nd 20 q:,/100 e for tho Egnont , Wninrelro. , Okn ih.,.,_u , nnd 

Porirun soils, respectively. Thoroforo , tho proportions of totcl 

nntive P dosorbed by tho rospective a nions ore very smll. The 

Egnont soil; in pn,rticulnr, don onstrn tes n pnrticulnrly strong reten­

tion of native P. 



TABLE 9 --

Anion systen 

-2 -10 M N0
3 

10-3M N0
3

-

10-5M N0
3

-

10-2M SO 2-
4 

-3 2-10 7 so
4 

10-5M SO 2-
4 

10-3r1i nco
3
-

10-\r Hco
3
-

10-3M ci tro. te 

-5 . 10 M citrnto 

-5 10 M PGU 

10-?M PGU 
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Effect of c onpeting nnions on the desorpt ion of nntivc 

inorgc.nic P fron the four soils in c. 40-hour shn.ki:ng 

peliod. 

Egnont Wainrek'1. Okc.'tihau Porirua 
pg P desorbod/g soil 

0 0 0 0 

0 0 0 0 

0 er 0 0 

0.148 0 .110 0.031 0 

0 0 0 0 

0 (D 0 0 

0 0 

0 0 

0 2 .09 1 • 11 o. tr84 

0 0 0 0 

0.304 0 0.499 o.2s-r, 

0 0 0' 0 
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De Kinetics of P fprption intro Presence nnd Absence 

of Conpeting Anions. 

Although it hns been established th1.t so
4

2
-; uco

3
-, 

citrate, nnd PJU of diffcrinc concentra tions r educe P sorption -by 

the four soils to n VQrying 0xtent inn ' O-hour sh~king period, it 

is not known whethor these effects nre r:inint.'.:!.inod over longer periods 

of tire. It hns recently been shovm ( Ryden nnd Syers, 1975) thnt 

ca tion valence nnd ionic strength of tho support nod iun affect only 

the kinetics of P sorption nnd not the equilibriun solution P concentrn­

tion. Consequently, an exp~rinent was designed to -study tho kinetics 

of P sorption in tho presence nnd absence of anions, such that oaoh 

soil was shnken with the relevant P plus conpeting anion solution for 

3, 4, 5, or 6 dnys . Two levels of ndded P but only the highest con­

centration of- conpcting nni on ( 10-2M N0
3
-, 1O-2M s0

4
2-, 10-3:M Hco

3
-, 

10-3M citrate; nnd 10-5M PGU) wore used f or ench soil. A plot of 

finnl solution P concentrr-itions c..c-n inst tho ro ciprocnl of tine of 

shaking ( hours-1 ) go.ve linear r olo, tionships for each conpot ine 

::mion ( Figure 5 ). Extrapolation of the r e l ati onship to infinite 

tine ( 1/t = 0 }- wns used to deter!"Jine the effects of the conpeting 

nni<ms on P sorption over extended periods of tine . A sepnr nte s t udy 

( Ryden and Syers, 1975) has shown tho.t po.rticlo breakdown, loo.ding to 

a possibly greater sorption of P, is not o. problen with tho Egnont, · 

Oko.ihau, and Porirun soils for periods of shn.king of up to six days.-

Fron tho dntu presented in Figure 5 it is a pparent tho.t 
· -2 - · th for nli soils, 10 - M No

3 
has no effect on P sorption over c entire 

tire period, i . e . , the linear relationship obtained for tho final 
-2 -solution P concentrntion in the presence of 10 M NO3 f nlis on that 

for P in solution in the absence of anions. Also, tho stra ight-line 

plots of finnl solution P concentration in the presence of 1O-
2
M 

2- -3 - P so
4 

or 10 M HCO
3 

with tine are essentinlly parallel to thn.t for 

in the absence of anions. This suggests thnt the effects of these 

nnions on P sorption rennin constant over extended periods of tim 

nnd provides an interesting contrast to the sitootion reported for 

cations ( Ryden nnd Syers, 1975 ). The observation t ha t tho plot 

of P in the final solutio-n in the prescmco of 10-3M HC0
3
- · lies below 

thnt for P alone in the Wniarelm soil ( Fj_gUros 5. 3 and 5. 4 ) nay agnin 
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Figura 5 Effec t of COI:!J:D tine cmions on the fin.,1. l P concentrD. t ion 

of the f our soils C'.S n f unction of tino . Anounts of 

nclded P c orre spond t o nppr oxi n.'1 tcly ,~0% of the n.dsorption 

r:n xiB'.l of r egions I rm d II 

Figur e 5 . 1 ~"'D.ont soil 1400 µg P nd dcd/g s oil 

Figure 5 o2 Egnont so il 3600 pg P nddcd/g s oil 

Figure 5o3 Wni nrekn s oil : 60 ;ig P ::i.ddcd/g s oil 

Figure 5. /J. 1rhi n. r ekn s oil : 500 p.g P o.dded/g s oil 

Figur e 5 . 5 Okn i hn.u so il 200 µg P nddod/g soil 

Fii:;ure 506 Okni hnu s oil 900 µ g P ndded/g soil 

Fig ure 5 .7 Poriruc. s o il 50 µg P o.ddod/ g s oil 

Figure 5 . 8 Poriru['. soil ~ 400 -;ig P nddod/G soil . 

n P nlono 

b - 2 -10 I"I NO.., 
) 

C 10~ 2rvr so 2-
I). 

d 10- 3:M HC0
3 

e 10-3M citr'lto 

f 10-5:M PGU 
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Porirua soil : 
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• 

5.5 Okaihau soil : 
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~ Waiareka soil 
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be explained by n pH offoct ( Figure 4 ) • 

For both tho Egnont rmd Oknih::.u soils 3. t tho l mror 

level of ndded P ( Figure 5 o 1 nnd 5 . 5 ) , 10-5M PGU showed nn incroo.s­

ing ability to roduco P sorpticn nnd/or to pronotc P desorption with 

ti.:.o . It is interesting to note th::i.t this effect '\'ms observed only 

for tho two coils which lmvo n. hich co.:r:n city to sorb nddod Po Al-

though tho ronson for this is not clo2.r, H is tontz·.tivo:..y sugc;ooted 

that tho largo sizo of tho PG U pol~cr ( M. W. r ':.ngine fron 2 6 1 ,1roo to 

70,400 ) liui ts tho ro.tc o.nd extant of nttnchnont of tho polyTicr to 

tho ndsorbont surfnco beco.uso of storic hindrrmco . With incronsing 

periods of tine , hO\mvor, tho nctivo sites on tho PGtli polynor possibly 

becono orientated to tho surfnco of n conponont. ~his could explain 

why PG1U was so effocti vo in reducing P s orption over n 40-hour period 

for the Porirun soil ( Fi~ro 3. 4; To.blo 6 ). Tho results o. lso 

suggest th._1. t 1 o- 5T1 I'G TT m y bo r2oro offocti vo in pronoting tho desorp­

tion of previously sorbed P over nn oxtondod ti• o poriod · tmn tho 

results in To..blo 8 for ::t ,tO-hour sh._1.king period indico..to. 

For both tho -E[sIJont ( Figure 5o1 nnd 5 . 2) nnd Porirun 

( Figure 5 o 7 nnd 5 . 8 ) 00ils , tho plot of P in tho fina l solution 

ngninst tine in tho presence of 10- 3n citro.to r ol:1'J. i ns a.pproxin..1.toly 

parnlle 1 to tln t for P nlono , indic::i. tiric no cbanc;o in tho effect of · 

ci trntc on P sorption with tine• For both tho Wc..fo.roka ( Figura 5 o3 

nnd 5 . ,'l- ) and Okr.ihnu ( Figure 5., 5 and 5 o 6 ) soils, howevo r; tho 

ability of cJ..tro.te to coupoto with P for sorption sites nppoars to be 

drc.nn ti cally reduced ,-1i t h t i r20 o This r1..".y bo cxplo..incd by oi thor o:.':' 

two possible r e1:?.sons . Ferric iron which is initiclly ronoved fron 

tho soils by 10-31-1 ci trntc c..1.y be reprocipito. tod c.. s hydrous for:do 

oxide, cronti ng additional sorption s ites. Alto:rn.':'.tively, over tino 

periods grcntGr them 40 hours, tho o.bility of Hf.f'::1
2 

to inhibit uicrobinl 

nctivi ty in the suspensions of those two soils n'J..y decree.so o The 

resulti!l{; build -up in nicrobi~l popul~tions could land to utilisation 

of both ci trnte , which is ,'J. well established energy c011roc for nicro­

orgo..nisns , nnd inorGnnic P, causi ng a reduction in the fi:nnl solution 

P concentration . 

In order to detcrnine whether r oprecipitntion of Foor 

Al occurred in tho kinetic - study of P sorption in tho presence of 

10-3M citrate ( Figure 5 ), thereby genernting sorpti on sites nnd 
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causing o. dccrc:1.sc in finnl 3olution P concontri'. tion with ti20, the 

nnounts of Fe nnd Al i n the supornntmit sol utions of Wni nrckn ::md 

Olmihi:m soils 'i'TCrG dctorninod. The r esults in Tnblo 10 indicnto 

trot there is no obvious decrensoin tho concontrntion of Fe and Al 

in tho fi n:..1.l solutions af te r 3 , t1, , 5 , n.nd 6 days of shnking . These 

r ather c onstnnt vn l ues correspond to the r ~pidly docrcns i ng finnl 

solution P conccntr:'.'. tions i n the proscncc of 10-3M citr3 te shmm in 

Figur es 5.3, 5. 4; 5 .5;nnd 5 . 6. The dn t n sugtsest that Fe and Al 

nro not ro prccipitntcd fron tho citrc.te s ol uti ons . 

Tho decrease i n find solution P concontr11tion in tho 

presence of 10-3M ci trnto with til::le f or t wo soils prok.bly results 

fro n the second of t l10 two n.lt ornn.tivcs discussed nbove . It is not 

ensy, however, to OXIJlnin why t his decrc'.'.se oc curs in only tuo s oils 

( Wainrekn ~>.. nrl Okn.iha.u ) ( Figure 5 ) • It is possible thn t t ho diffe r­

ence in behaviour of these soils results fron the different levels of 

nicrobfol nctivi ty; which in turn cnn be role.tad to tho or gr.mic r11.ttcr 

c ontent of tho s oil hori zons used . .Dntn fro n tho N:lw Zenl n.nd Soil 

Bureau Bulletin ( 1968) show thnt the Egnont (no). 1·l::ti arekn- (B1 ), 

Okf.'. i hnu (B2 ); .::nd-Poriru.'.J. (B1) soils contni n 1.7 , 3 . 11r , 3. 3; nml 0.7% 

of organic cn r bon, r espectively . This nny sll{;gcst , ther efore, tho. t 

both the 1'1.7.i nrckn. :u1d Oka i ho.u soj_ls hti.ve ::i. potontinlly gron ter r-.icrobi.'.J. l 

popula. tion which on.y be stirn.1.ln tod by ci trn. to t o tho extent thn t it is 

cnpnblo of ovorconill[; tho inhibitory cf-foot of HgC12 ( 40 pr;/ru) in 

shaking :poriods creator thn.n 40 houxs . 

E, , Ee:oovnl of Fe and Al fron Soils by Anions 

Bec~uso P sorption sites in s oils nre believed to occur 

l nr goly on secondnry Fe nnd Al conpononts, it is necessary in a nion 

sorption studios t o dotornine wheth0 r tho conpeti ng nnion is being 

sorbed profercnt i o.lly t o P by these sites, or whether the nnion affects 

P sorption by conploxing the en tion which foms tho site . The ex-

tent t o which conpoting a nions ~nd added P r onovo Fe and Al fron the 

four soils is shown in Tnblo t1. Very sinilar results were obtcined 

wi.n the soils were shnken .. with nnions i n the absence of P ( do.to. not 

presented )'. 
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TABLE 10 - - Anounts of iron ,'.'.nd o. l uniriiun rornved fron the Wo..i.'.'..rek2. 

nnd Olmihrm soils by 1 o-3M ci trn te i".. S ,'.1, function of tine 

of shaking in tho presenco of ndded P 

Systen o..nd Iron AluDiniun Iron Al ur:d.ni 'U.D 

she.king tiue ; m oles in solu tion per g soil 

OKL. IHAU 

p + 1 o-3M ci tra.te 200 ug P nddedi g· soil 900 µg P n~d/ g soil 
I ' 

6 dnys 12.7 3. 18 11 • 1 3. 78 

5 deys 12 .7 2. 96 11 . 2 3 . 56 

4 dnys 12.7 3 .18 11 .1 3 . 61 

3 d[',ys 12.s 2. 96 11 . 1 3 .70 

WAilffiEKA 

p + 10-3M citro.. te 60 µg P nddedLa S?il 200 gg P nddodLg soil 
' 

6 dr',yS 2. 54 10 . 5 2o07 11 .1 

5 d.'.'.ys 2. 02 9. 63 2. 07 9. 67 

4 do..ys 2. 22 11.9 2.02 7. 26 

3 dnys 2.1 6 12 .3 2.07 10.4 
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TABLE 11 - .ALJ.ounts of iron nnd ~luniniun r onovod fron the four 

soils by vnrious nnions in ~ 40-hour shnking period. 

Anion systen 

No anions 

10-21'1 N0
3
-

10-2M SO 2-
4 

10-3M HC0
3
-

10•3M ci tro.to 

10-SM PGU 

l 
j+ 1350 /'g P/g soil 

No unions ) 
) 

10::M N\_ l 
10 M so4 ~+ 450 f fS P/g soil 

1 o-3
M Hco3- l 

10-3:r-1 citrnte 

10-5M PGU ~ 

No nnions ) 

10-
2

M N03- l 
10-tM SO 2- + 850 pg P/g soil 

10-3M ci:ra t0~ 

10-5M PGU ~ 

No anions ) 

10-2M N0
3
-

10-2M SO 
2

- + 350 ug P/g soil 
4 

1 o-3M citra te) 

10-SM PGU ~ 

Ir"ln 

p r:io l es Fe r-enoved/ g soil 

C.095 

0~06,1. 

0.159 

0,064 

0. 449 

0,064 

0,064 

0~032 

0,064 

0.125 

0.222 

0;254 

12,9 

0.319 

0 

0 ~032 

0 ,125 

2 .15 

O .159 

EGHON'l' 

WAIAREK.li. 

PORmUA 

Aluniniun 

pnoles Al rcnovod/g 
soil 

1.38 

1.82 

1 , 38 

2 .97 

1 ,30 

1,38 

8 . 90 

1.82 

1,50 

1,94 
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Of the five nnions studied , excludi~ P, only 1 o-3H ci trn.te 

~nd 10-5M PGU extrc cted signifier.mt quantitie s of li'c or 1\.1 from the 

soils ( Table 11 ) • Citra te wo.s particularly effective in removing 

Fe from the Fe-rich Oknihau Soi l ( 12.9 p.moles Fe/g s oil), only 

moderntely effective in the Porirun nnd 1faia.rekn soils ( 2.15 n.nd 2 . 42 

p.moles Fc/g soil, respectively), nnd r emoved only small a mounts from 

the Egmont soil ( 0.449 p moles Fo/g soil). The reverse order wns 

apparent for tho removal of /IJ_ by 10-3M citr'l to . There nppoars to be 

no significnnt rela tionship between t he nmounts of Fe .:md Al extracted 

:ind the amounts of short-range order nnd crysta lline Fe ~nd Al compon­

ents in the fo'l.11" soils ( Tn.ble 3 ). 

Tho nbility of cit r'.."1. te to form sto.blo c ompl exes with Fe nnd 

Al, end therefore to reduce P sorption hns been suggested in severnl 

studies ( Swenson ct .fl!., 1949; Struthers nnd Sieling, 1950; · , Bradley · 

nnd Sieling, 1953; Deb nnd Datt n , 1967n , b; Nngnr ~jo.h .£! ..91..; 1970 ). 

These workers, however, have f o.iled to define whether citrnte -r emoves, 

Fe nnd Al from soil components by forning "soluble" complexes ; or 

whether citnto forms complexes with Fe nnd 1\.1 n.t the surfnce of the 

component. Also, those workers helve not determined tho amounts of 

Fe n.nd Al extrnctec by citrnte . Low nnd Bln ck (1947) demonstra ted 

that the reduction in P sorption by kaolinite in tho presence of 

oxnlr. te wc.s directly relnted to the a mounts of Al removed, nnd inferred 

from this observntion thnt citra te would probnbly show n similar effect . 

Evans and Syers (1971) showed tha. t c.pprecic.ble amounts of Fe were re-

moved from soil crumbs by high citra te concentra tions ( 10-1M ). The 

complexing rea ction m..~y be nttributcd to bonding of Fe or Al ions 

between ionized cnrboxyl nnd n lcoholic hydroxyl groups of the citmte 

n.nion ( Roberts and Cnserio, 1965 }. 

A comparison of the a mounts of Fe and Al removed froI!l tho 

Okc.ihnu soil by equivalent concentro tions of ci tm te nnd PGU ( 10•5 :r--r ) 

shows thnt the nmount of Fe removed by the two anions nre approximately 

the snme ( 0.290 nnd 0.319 pmolos Fe/ g soil, respectively ) , whereas 

PGU rem~ves considerably more Al thnn does · citrote ( 3.40 pmoles/g 

soil nrd 0.79 ;moles/g soil, respectively ). 

It is not clear why PGU removes gren ter a.mounts of Al than 

Fe from the four soils. The structure of galncturonic acid (below) 
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suggests tho.t tho polyrnr ( PGU ) is a tightly bound chain formd by 

H- bonding between hydroxyl c.nd c~rboxyl groups ( Pncker nnd Vnughnn, 

1958 ) • 

CH ~ -OH 
I 
! 

H C - OH 
I 
I 

HO C II 

I 0 

HO C H 

I 
H C 

I 
' 
co H-

2 

It is pOSGiblo thnt the size of tho pnrtinlly hydroxylntod 

Al ion allows for • or e oxt o 1:: ive conpl ox formtion with rou thnn does 

tho correspondi ng Fe species~ 

Tho signific~nco of the formtion of solublo conpl excs 

of Fe mid Al with ~itrnto in tho sor ption of ndded P by the Okni ho.u 

soil cnn be soon . fro • the rolntionship between nddod P sorbod nnd tho 

Rnount of Fe, Al, nnd ( Fo + Al ) r ol onsed by citrate solutions of 

vnrying concentration (Figure 6, Table 12 ). As the concentra tion of 

citrnte is incrensod; grentor ncounts of Fe nnd Al nro ronovod fron the 

soil with n corresponding decrease in tho o.nount of c..ddod P sorbed . 

The relationship between added P sorbed nnd the £mounts of ( Fe + Al ) 

released was particularly close ( Figure 6 ). The corrolntion coefficients 

for the rela tionship between % added P sorbed o.nd the nnounts of Fe, 

Al , nni (Fe+ Al) relea sed by citn,.te solutions of varying concentra­

tion wore vory high , tho r espective values being -0.995; -0.979, nnd -0.998. 

Although ci t rnto rm.y be specifically adsorbed by soil 

conponents, as clainod by Hi~_gston £1 Qj_! ( 1967, 1970) nnd Nngar~jnh 

et al . ( 1968, 1970 ), the very close relationship between added P 

sorbed nnd the a.nount of (Fe+ Al) renoved by citrate ( Figure 6) 

indicntos tlnt the reduction in P sorption by citrate results minly 
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120 240 360 

( Fe+A ) eleased (fmoles/g) 

Relationship between percentage of P sorbed and tne 

amounts of (Fe+ Al) removed from the_0kaihau soil 

in a 40- hour shaking period by citrate solutions r anging 

in concentration from 10- 1 to 10- 5Mo Inorganic P 

( 850 ug P/g soil) was added with citrate o 



TABLE 12 --

Citrate 

concentration 

(noles ) 

10-1 

10-2 

10-3 

10-1-

10-5 

100 

89 

Ext ent t o which ci trr,.te solutions of Vl'.r yi ng conccntr tction 

r ouove Fe, Al , c.nd (Fe + Al) fro n the Oko..i hnu soil , and 

reduce tho nnount of ndded P sorbod inn ~0- hour shnking 

period. Inorg[mic P ( 850 pg P/g soil) wns ndded with 

citrnto. 

Finetl so lution concentr.7. t i on ( p no l es/ g soil ) % added 

of P sorbed 

Fe Al Fe + Al 

231 81,0 312 45,5 

167 46 . 4 213 . 62,8 

46 . 3 26.1 72,4 84 ,5 

9 .31 211r .2 33!5 91.4 

0 .1 94 1,27 1,46 98 ,5 

0 . 1~ 52 0.723 1.18 99.0 
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fron site oli ninl'-tion . A si:~ulo.r conclusion my be reo.ched for PGU . 

It is apparent fron Fieure 6, however, thnt npproxi n".'. tely 45% of tho 

ndded P is still sorbcd by tho Oknihnu soil in tho presence of 10-1 M 

citrcte, indicntiI1G thnt not n.11 sitos nro elicimtod . The observntion 

of previous w0rkers ( Swenson et £1•, 1949; Bradley o.nd Sieling; 1953; 

Deb nnd Datto., 1967 a. , b ) thnt orcnnic cmions o.ro gener.'.'.lly nore 

effective tho.n inorcnnic o.nions in r oducinc P sorption by soils nay, 

therefore, be i."'1.torproted o.s n c:roo. tor nbility of -orc-anic o.nions to 

elirrinnto P-sorbi:n,r~ sites on Fo nnd Al conponcnts, r n. thor tki.n c.,s e 

direct specific adsorption effect , ns proposed by Hin~ston et ..91 ., 
( 19 67 , 1970 ) • 
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CONCLUSI01'B AHD INTERPRJ~TATIONS 

The ability of the four soils used to sorb added inorgo.nic 

phosphate (P) ,ms strongly infll .. enced by the amounts of certa in components 

believed to be important in P sorption r eactions in soils, The Egnont 

soil, which contnins o. high q_unnti ty of short-ro..nge order re a nd Al corri­

ponents; sorbed more P thnn the Okaihau soil uhich contains o. greater 

amount of crystalline Fe c omponents nn:1 associated Al ( CDB-Al ). These 

two soils sorbed considernbly more P than the Waiarelco. and Porirua soils, 

whi ch conta in compuratively low amounts of secondary Fe and Al components. 

The levels of added P used uere not chosen arbitrarily, as in 

previous studies. Use wns I!Cde of the Langr:JUir adsorption equation in 

estnblishing the amounts of Padded to the soils . The amounts used in 

colilpetitive sorption nnd desorption sb.1dies corresponded to 4()?'6 of the 

adsorption rn:uimum for e nch of the first two regions on the L.·rngmuir 

isotherm. This hns enabled conpo.rison of the effectiveness of the various 

anions a t a known point on the P sory,tion isotherm involving sites hnving 

n rensonnbly well- defined aff inity for P. ~he rouge of concentrations of 

the com:p3til1G .'.miens used was selected on the bnsis of lirrited o.vailnble 

infornntion on their concentrntion in the soil solution. This nppron.ch 

contrnsts with th-:tt D-dopted in many previous studies where infarI!l.'.ltion 

on corapetitive sorption and desorption effects of anions has been obtained 

using uru.ch higher anion concentre.tions thnn those norl'.llt.'llly found in the 

soil solution and these used in the :rxesent study ( No.go.rajah tl _g_l., 19ffi; 

Evnns mld Syers, 1971 ; Obihara c?.nd Russell, 1972: furrow, 1974; 

Gebhardt mid Coleiilc'1.n, 1974 ). 

It has been shown th.o.t 10-2M NO
3
-, 10-2M so

4 
2-, and 10-3M HCO

3
-

have only a limited ability to reduce the amount of added P sorbed by the 

soils. Sorption of P by the Egmont · and Okaihnu soils was slightly en­

hanced in the presence of 10-2I-'I No
3
-, but this effect decreased with a 

decrease in No
3
- concentration from 10-2M to 10-5M. · Increasing ionic 

strength increases the rate of P sorption ( Ryden and Syers, 1975 ); thus 

explaining the data obtained • . Althou0h so4
2- showed n greater ability 

thnn NO
3
- to reduce P sorption, the effect was only small and appeared 

">- -to result from a direct competition between S04- · nnd H2Po
4 

for sorption 

si tea, rather tha.n from an ionic strength effect, as suggested for N03-. 

According to Hingston~ pJ.. (1970) the ability of so
4

2
- to compete with 
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~P04- under slightly ncid conditions is due m the fo:rnw.tion of HSo
4
-

as a result of proton do11ntio11 from the ch::l.rged surfa ce. This hypothesis 

h2s not been tested expe1~inentol ly •. 

At the two concentra tions studied ( 10-3 and 10-5M ), HC•
3
-

was essentia lly ineffective in reducing the amounts of P sorbed by the 

two soils investigated ( Egmont mid Wo.iareka ). It is suggested that 

the ability of nco
3
- to reduce P sorption under 11._1.turo.l conditions ha s 

been exaggera ted in the past because of the high concentrations of nco
3
-

used in previous studies, often in conjunction with high pH values where 

competition fr~m OH- becomes important. 

Both 10-3rn citra te and 10-5M PGU were effective in reducing 

P sorption by the four soils. This was pe.rt :i_culnrly true for the two 

soils l1D.vinc lower pH va l ue s ( Okaihnu and Porirua. ) • This observation 

tends to support the hypothesis of Hingston _il .£1. ( 1970) thn t the com-

pe ting abiEt y of orcn nic o.nions is grentest nt a pH corresponding to the 

pka2 of the organic acid. According to ihese workers the plm
2 

of citric 

acid is 4.76, nnd the plm
2 

of polyg9.l:;i. ctL1 .. r:mic ncid has been assumed to 

be between 3 and -5 ( ~go.r n j ah et .£::1., 1970 ). There is no experi1:1entnl 

evidence,however , to support this clo.ira. 

The grea ter a ffinity of R
2
ro

4
-, rela tive to other 

anions, for sorption sites on the components in the four soils obtained 
- 2- .. at concentra tions equal to or lower than those of N0

3 
, SO 

4 
, HC03 , 

and citr" te, was attributed to the strong covalent chnrn.cter of the 

bond formed between ~Po
4
- and the Fe aniJ../or Al constituting surface 

sites. In contrast, PGU competed effectively with P for sorption-sites 

nt lower concentrntions tlw.n those of the added P. For all soils, 
-5 10 M PGU tms more effective in reducing P sorpt ion than citrate st the 

s rune concentration. 

- 2-The ability of N0
3 

, so
4 

, 

viously sorbed added P wa s very limited. 

and Hco
3
- to desorb pre­

-2 Of these anions only 10 M 
2-S04 showed any capacity to desorb previously sorbed P, and this was 

for the lower level of P addition to the Egmont soil. This again 

suggests that the ability of these three anions, particularly thnt of 
2- -so

4 
and Hco

3
, to desorb sorbed P from soils under natural conditions 

has been somewhat exaggerated by previous workers. In contrast to 

No
3
-, so

4
2-, and nco

3
-, 10-3M citrate was particularly effective in 

desorbing previously sorbed P from all soils. This was especially 
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the case for the Porirua soil . PolygD. l a.cturon...1.te nt a. concentration 

of 10-5rn wns effective in desorbing P only Qt lon levels of previously-

added P to Egmo ::t, Olmihr.m, o.nd Poriru,:i. soils. In nil ec.1.ses, hcx,rnver , 

PGU was found to be superior to citrate a t o.n equivalent concentr:-1. tion 

( 1 o-5M ) • These findines con.firfl the observn tion of several previous 

workers ( Swenson_tl!.11,., 1949J Bradley ~.ncl Sielin.z , 1953; Deb and 

Da.ttn , 1967 a, b) that organic anions , in gener~l, are more effective 

in desorbing P tho.n are inorg2.nic ~nions. 

The extent to which competi ng anions a ffect the final 

solution P concentrntion in the 40-hom.· :r;eriod follo~'linG sorption of 

P by soils follows a similo.r p11ttern to che ir cor.ipetinc ability when 

both P a nd anions are added simultnneously; the extent of the change 

in :fiml solution· P concentra tion in the presence of anions is generally 

smaller- in the former system. This is attributed to the strength of 

binding of the P sorbed in the 24-hour :r:eriod nnd to the inability of 

anions, other th~n citrate and PGU to promote desorption. In the 

xo3 - system sorption of P continued during the 40-hour r:e riod following 

N0
3 
- addition. 

The amoimts of ru1tive P desorbed by the competing anions. 

studied from the four soils were very sa1.ll. , Only the highest concentrn­

tions of s0
4

2-, citrate, end PG-U ( 10-2 , 10-3, c.nd 10-5r-i, respectively ) 

removed detectable amounts of native Po The o.bility of certain weak 

organic acids to remove P from soils nccounts for the early populnrity 

of these compounds as extrnctnnts for assessing the plQnt available P 

sto.tus of soils ( Dyer, 1894; M9.ttingly, 1965 ). It is also interest­

ing to note that 10-3N Hco
3
- nt pH 6.5 clid not ·desorb detectable amounts 

of nntive P from the Egmont and Ue.inreka soils. The Olsen bicnrbonn.te 

test ( Olsen ,tl ~•, 1954 ) is nou used extensively as a soil testing 

procedure, but the reagent employs a very much higher Hco3- concentra­

tion ( 0.5 M ) and a higher pH ( 8.5 ) • 

In studies of the competitive effect of anions on P sorption 

and desorption the need to m~intain the pH of the system as closely ns 

possible to that of the soil cannot be overemphnsized. This is the 

case because the ability of n competing nnion to affect P sorption or 

desorb previously sorbed Pis strongly influenced by pH. Several factors 

are involved, including the changing proportion of ionic species prdsent 

in solution, competition f rom hydroxyl ions, and the extent of positive 

charge of the surf nee. 1~e pH increase observed in the present study 
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for each soil ui th increasing F nnd competing r..nion concentrations ims 

limited to 0.3 to 0 .4 of a pH unit. Such · pH control allowed for a 

better comparison of anion effects, per S..§., uithout serious complica-

tions arising from pH differences in the systems studied. The • Uninrelm 

soil, however, showed nn urrusun.l dependence of P sorption on pH, and 

this effect was used to µi.rtly explain the rrrenter ability of t his soil 

to reta in P in the presence of compting a nions. 

A study of the kinetics of P sorption in the presence 
- 2- -and absence of competing anions showed that no

3
, so

4 
, nnd HC0

3 
hnd 

no observable effect on the amounts of P sorbed by the soils follouing 

the initial 40-hour shaking reriod. The marked ability of 10-5M PGU 

to decrease ? • sorption and to promote desorption of sorbed P with in­

crea sing time, especially E'l.t the lower level of added P with the Egmont 

and Okaiho.u soils, Wfl.S attributed to the tizre required for the polymer 

to become orientated nt surface sites. The dramatic decrense in final 

solution P concentra tion w:i. th the Oknihau and Waiareka soils in the 

presence of 10-3M ci trnte was more difficult to interpret. Because 

the amounts of Fe and Al in oolution remnined rel at ively constant uith 

time in the 10-3N citrate system; it uas tentatively sug[s0sted that 

microorg2.nisms possibly o%rcome the inhibitory effect of the HgC12 
present and utilise both citre te and P, causing a decrease in F concentrn-

tion in solution with time. This effect was more pronounced for the 

two soils which contained t he highest amount of organic carbon ( 1htfo.relrn 

nnd Olmihau ) • 

Of the five anions studied, only 10-3M citrate and 10~5M 

PGU removed significruit quantities of Fe nnd Al from the four soils. 

Citrate removed large azoounts of Fe from nll soils, particularly from 

the Fe-rich Okaihnu soil . In contrast, PGU removed greater amounts of 

Al than Fe and also removed equal or greater amounts of Fe than did an 

equivalent concentration of citrate ( 10-5M ). Although it is well 

established tb....,_t citrote ( Bradley ood Sieling, 1953; Na.garajnh !ti&•, 
1968; Evans and Syers; 1971 ) o.nd PGU ( Bradley and Si&ling; 1953; 

Na.garajn.h llE:l.•, 1970) are particularly effective in both decreasing 

the amount of P sorbed and in promoting the desorption of P, the cnuse 

of tbase effects has remained obscure. The very close relationship 

established in this study between the reduction in the amount of P 

sorbed and the amounts of ( Fe + Al ) removed from the Okaihau soil 

by increasing concentra tio:1s of citl'l:'.te , indicates that the reduotion 
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in P sorption results pri mt'..ri ly from the elimination of n s ignifica.nt 

proportion of sites , rnther them frol!l. a direct specific adsorption· 

effect ns postulated by Hingston et ~1..• (1970) arn. Nagnrajnh ~ E..le 

(1970) . A sirnilnr interpretation was g iven to explain the comr:e tj_ tive 

effect of PGU. 
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